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ABSTRACT 

This document describes the LOGO system, imp lemon ted for the POP 11/45 at 
the M.I.T. Artificial Intelligence Laboratory. The "systen includes nut 
only the LOGO evaluator, but also a dedicated tira-Sh&Hny system which 
services about a dozen users. There are also various spatial devices such 
as robot turtles, tone generators, and CRT displays. 


This report oescribes research done at the Artificial Intelligence Laboratory of 
the Massachusetts Institute of Technology. Support for the laboratory's educa¬ 
tion research is provided in part by the National Science Foundation under 
grant GJ-1049. 


L INTRODUCTION 


This rtocunenil describes the LOCO *yste" >ripl enantad for the PDF 1]/G5 at 
then.I.T. Artificial [fit*11 igefice Laboratory. The H system" Include? not 
only the LOGO evaluator, but Al?p a dedicated time-sharing aysleh which 
services about a dDieo users, There are also various special device? Juth 
as robot turtles, tone generators, and CRT display 

Ut f te I obliged to begin with aotie C*1 sd J l-eare. This nanual 1 b 
intended only as 3 language descriptor* and not 3 b a primer. Ue hope it 
urlt he useful as a reference far user; of cji.r- sygten and as a source of 
comparison for user? af other LDGQ systems, Secondly, u# baliave that the 
syntactic details of a conpwtcr language are of insignifScant importance 
compared to considerations of hbu the language is used. Anyone Mho read* 
this paper to find out "what LOGO is like" ahoy Id not niyliel the paper e of 
Papert and Solomon. Finally, the LOGO language la part Of an ongoing 
research project. H if to b» fully expected that the language 
speeifrealion§ uiH change with our experience. 

Uhl ie there have been nunerous contf fcbutors ta the development Df 
the LGGD language, thouii specifically concerned with the POP LI 
Imp|auen tat ion are: 

Ron Ltbol, tlb 0 -B.tiarirgj system Hade Ui I I iam B , LOGO svaluatnrt Joe 
Coh*fl T tine-sharing i nput/output; Nat Goodman and Hal Aoelecn, dispay Ahd 
music box! Ran Leoel and Roger Hale, filing systen. As part of the POP 11 
programhing project ue have developed a POP 11 debugging pragran which is 
similar put riore powerful than QEC's COT program, Thi* was done by Radi a 
Perlmgn, Dur display controller uaa- designed and built by Ton Knight. 


There 13 an essentialty conpatible LOGO evaiuator which has been 
lnipl enenlsd in itl.I. T." a version of! USP by ka Goldstein and M B nry 
L I (beman. UIm nost a I &o cite the Ccntr i but i ons of Richard Greer* la tt on 
tialteca of jyittk design and* of course* Seurour Papert and Cynthia Solpiton 
ort Ighggpgr specification. 4 . 
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2, BASICS 

Th'9 section introduce* sonc basic LOGO vocabulary, LDGD 
statements 3 rg typed In at the console. You type a tire of instructions 
and the computer executes it tor types *n error message), The computer 
i mi, I c.a I r :.i that it ie ready for an i ne true t i on by typing a question mark. 
Your Eine of instruct tons uill not be executed untl-f you end the line dy 
typing p carriage return. 

The basic "built-m " 1 words that Ihe cdiTputsr understands are called 
LDKI jar i h i ( ivqd , These are described in this manual, The host important 
primitive Is TO, which alleys you to ta-Kti the computer neu uords. These 
private words that you teach (he conputer are called procedures . 

Primitives and procedures often taKe one or wore inputs . For 
example, PRINT is a primitive wired takes one input and prints 5t pn fho 
conEG I a. 

PRINT is an e k anp I e of a command . A commend is 3n imperative, (t 
tells the computer to do somethin^, 

Dlher primitives nay output . They provide a value which can be 
used as an input tor enothar LOGO nerd, 5U1, for exannle* take a- two 

E 

numeric inputs and outputs their sum. Procedures uhieh output 3-5 cal Fed 

Operations . 

ftIF complete LOGO statements art imperatives, so that an operation 
cannot Stand by itself. [f ygg type; 

SUTt 17 26 

LOGO wi ■ I respond with the error rhsssaggj 

YT7J DON'T S*Y LHA? TD 00 U] IX 43, 








in con tf a £ (t 


PRINT SU1 17 2G 

is a eono lei? statement. The Cneputer til I I print 43, 

If you tiafcg a typing fiiitafte you can press thE “delflle" or "rubDut" 

key, This causes i-DGQ lp ignore the p^cwiooE character. ]t indicates this 

by retyping thfr ignored char actor with slashes around it, Pressing rubout 

again will cause LKQ to 'f^ore the character before that T and so nn„ 

Another feature in the "panic button" etl-G [control Q]. Typing ctl-G 

in the nidtfle pf a connand line CSuebe the entire line to be ignored. 

Typing ctl-G ^'is LOGO is enfrcu(ing a conmand causes it to stop and 

rs turns control to the teletype, This ia especially use tut If you write 

procedures which do not stop by thenselvea, 

Note: The "ctl 1- key is I ike 
a shift key. En order to 
type ctl-G, hold doun the 
"ctF" key jknd type G. in 
this n hu al we aometines 
vso * to ineficaSe “control." 

Thus 'll elands for conlrol G, 

$one primitives have abbrtvrationa, If you type the abbrtvi at ion as 
part of a procedure ling, LOGO Win expand it to the full for*. 


3. CEF[ NfMG 4ND EDI TEND LOCO PHGCEDLRES 


3,1 TQ and EDII Iabbreviated ED? 

Both co’inandj tjul you Into editing mode, Iheir inputs are 
restricted as I lower 

ij Nc LOuD primitives 

■ i) Far ED[T-’-cne input, the nane of a procedure 
which is already defined. 

I HI For TO—var iabi* Rubber of input?! al I but 
the first are dunry variablei which stand 
ffir eventual input! to the neu procedure; 
the first input nay fie any name which is 
npt already the nano of a procedure. 

Far mpre on inputs, see Section 3,7 he ion. 

3*2 EhO 

Tak.Ee you oul uf editing mode. 

3.3 RESTRICTIONS \H EOfTiNG flGOE 

While you arc defmin^/editing a procedure you can still da most 
of the Ihinge you usually can do in the LOCO worldt use a display^ a 
turtle, a liusic bo*, cc other device; evaluate procedures—even the e>ne you 
arc in the midst of def i ning/edi t ing, However., you cannot define/edit any 
other procedure . That is, TO and EDIT are invalid aoinnandi once you are in 
editing mode. 




3.4 THE EDIT 0LFFER 

Lines you Type p#g* into |h? pressure detlnitlnn v i a an edit 

butler- 4 line is put into the edit Puffer if the firgt word on the l ine 

is a line nuiroer La whole number greater that 3 and less than 327685 . [f a 

line number is nbl present. what yen type in will he regarded as standard 

LOGO input, pi th the above res It ict Long. Every character 8hd space you 

type after a ling number la put Into The duffer until you Type 3 carriage 

return, (A machine-executed carriage return—which happona automatically 

if you type too many characters on one line lor the console, or whatever, 

to accpnmodate— doesn't have th«* effect!. The ■succeeding carriage return 

pill thgn empty that buffer into the procedure definition, 

learning; The buffer can oniy accomnpdate 193 characters and spaces, ,1 
little over three lines on the teletype: putting In more than that 
will jam things up and leave you ro recourse Put "G. 

Three other uays tc get things into the edit buf f e r are EDIT LINE, 
EQ[T TttLE and "V. EDIT LIME [abbreviated EELJ, a single command despite 
the space, takes bne input, a line number, and if that line exists it is 
put in the Puffer, EDIT TITLE (abbreviated EDI) tdftas no inputs, and puts 
the title of th? procedure you are defining into the buffer. puts the 
previous line you typed into the buffer (handy if you forgot to lypd a line 
number, tor •exanplel. 

Uben you have something in the edit buffer» you can manipulate it 
uifh these special control characterst 

prints out and stores the next character in the buffer 

"tf prints out and stores the next word 
skips—i.e., deletes the next imord 


J 'fi print? out and stores the rest; and at any time (not just in 
edl I I ng mode] you can vie. besides the njfiout or delate key which deletes 
the previous characler, 

■"tl Uhich deletes the previous ward-, 

3,5 ERASING 

Ulhnn you ^irc noJ_ in editing trade, ERASE [abbreviated €R> takes ong 
Input, a procedure natig, and renavas that procedure froh your workspace, 
Uhpn you are in editing node, it dote (ha sahe. but you jre not allcmed to 
ERASE the procedure you are defining/editing, 3n editing *ode only, you 
can use thg conoand ERASE El HE (ahbreyi a ted EHU. ] te input is a lire 
number, end it erases that line, 

3.E PR [NUNS OUT 

Uhen you are not in edi ting hode, PRINTOUT (abbreviated PQ1 takes a? 
Input Sny procedure nans, and prints Out the definition of that procedure. 
By dcfault, it it is given no input <t prrntH out the def ini t ion of the 
I flat procedure you defined or edited, linen you are in editing mode. If 
uorka the same; Us default input is the procedure you are 
de fining/editIng, 

In editing node only, the comnands PRINTOUT LINE fabbreviated PDLJ and 
PRINTOUT TTTLE (abbreviated RATI can be used; the first takes one input* a 
line number,, and prints out that I inet the seephd takes no inputs. and 
crinta out the title of I ha procedure being edited. Neither command puls 
anything in th* edit buffer. ■' 


3.7 DUrtlY VARIABLES FDR IMIS 

^flcr !Ib first Input, ID can take further inputs of the fore itword*. 
Each of tnese stand? for an input which the defined procedure up 1 f have to 
be given, Ere couples throughout the sanual, 

3.« PROCEDURES UHiCH EDIT PROCEDURES 

It is possible to use any of the COtnnantfs discussed above with in a 
LOGO procedure, They work the sane, with a single except! mu if the u?«r T 
working at top level, types EHD to finish defining a procedure, LflGD 
replies FOG OEFENEtl inhere FDD ia the title). This is nct^ printed n.jf when 
the editing procedures are called bg Other procedures: 3 great convenience* 
Note, houever, that the restrictions of Section 3.3 always £pp Ig-’-gob 
tgrmol be detmrng nore than ons procedure at 3 time, fSee Sect ion 18,2 
for more details!. 

3.9 COmENTEj 

T*"t encJosecf between One I nation points or ba tween an ewe Iamation 
Ooirt and the end of the jins is ignored and can be uaed lor cbiniients. 


WK3S ANC LISTS Of UaROS 


4, ] U3FDS 

En LOH3 strings of characters gr* called ua^ds. A word may he 
indicated by prefixing it with, a quote, aa in: 

?PREWf 'UHOOPEE 
UhOOPJE 

The uord conaists of all the characters between the quote and the 
following space, (A carriage return also ter.ninatoi wsrda.} Therefore a 
word may not contain a space as one of its Characters. 

The FRTNT cdhiijnd (abbrevialed PR) can be used to print words as 
indicated above,. PRINT takes one input and prints it followed by a 
carriage return, A very similar coetiand is TV FE, which acta just I ak.e 
PfitNT except that it dbes not inolude (he carriage return. A uord nay 
include any printing character except space, carriage return and left and 
right square brackets l and ] * ]n particular, a uord may contain quotation 
markit 

?PRtWT "A' 

A’ 

?PRltfT H * 

■ 

A word may also contain no characters. Such 9 HOrtf ■« called 'the 
cNpty ward h and is indicated by a Quote followed by no characters: 

'PRINT " 

A percent sign in a word is printed as a apace,, This Is useful in drawing 
patterns on the teletype, as 



TO 0OK 

10 PRINT ‘MX** 

2 b PRIM "XXXXK 

30 FRINT -X!(XCT 

4B PRINT “xm* 

ZZ PRINT -jam 

END 

?BDX 

XXXXX 

X X 

X K 

X X 

XKKKX 


a*? LISTS CF UPRDS 

ard*rccf collections of words are called I Fata , (LOGO also ii Iwjs 
mpr* genera) fists as rfeacritoetl in Chapter 15J A. 11$' may de indicated by 
giving the nerds m the list, separated by spaces vd enclggecf In squar* 
brackets. 

?PR[NT CE ATI A LIST] 

[ ATI A LEST 

Nat See that the wordH in the 11st are not quoted antf that the 

Wounding brackets are not printed. The spaces between the words ser*® 

only to separate the words and, strictly speaking are not part of the 

f'*t. E*tra spares are Ignored hy LOGO: 

7PRENT [EXTRA SPACES] 

EXTRA SPACES 

A carriage return with in a Tist is ecuivalent to a spacer 

?PR]NT Vm. THAU 

CHE 

LINE] 

TORE THAN ONE LINE 

doing along with the enpty word have the empty list which can¬ 
ts ins no words? 



?FRINT t | 


Hole thal the empty ward it a unrd and the empty list is a \jj>± and they 
are not the sane, T5ee ?i*& Section 4 ,&.) 

4,3 nWIFUUmNG UGROS W* LISTS 

Th^re grc 3 number at operations for i*3nipul at i ng words and lists; 

CGlflT 

Takes pne input. 1I the input fee a word It outputs the nursder of 
letters in the word, [f the input is a list it outputs the mumper of unrda 
in the list. 

FJRS” (abbreviated F} 

Takes one input* ]f the input is a word It outputs the first 
fetter of the word* ]f the input is a Msl It outputs the first udrd of 
the II St* 

LAST (LI 

Similar to FtflST. Outputs tbs last Isttir Creep. word] or 9 word 
tresp, lift} 

SLfTFiRSl fBF) 

Outputs all but the first letter of a wordi all Put the first uprd 
of a list* 

&JTLAST (BO 

Srwiljr to BUTHRSt. FIRST, LAST, BLITFIFET, ar*d OUTLAST may nut be 
appiied to thn enpty uord or The Bhpty list. 

These operations ta*.e words and fists apa-t. For putting; then 


together ms ha vet 


IBRD 

T^knfs two input*, both of uhieh »ust de word* and duta them 

tog-ether to mak-e j ! tinge" upr-di 

?PR2NT UGRO "IStad "HERE 
M3UHEHE 

SENTENCE (add*-ev 1 a t cd SE) 

Takes tua inputs, If da tin are lists it puts thel» together to li.ikc 

3 JungeT I let, [t one rs 3 word and one is a list it adde the uortl to th® 

Met* If tsgth arc word5 it rr-aket S list out of them: 

SENTENCE (THUS IS] If, LIST] output a TIMES IS A LIST] 

SENTENCE -TtANGD "CHUTNEY output* [flANGO CHUINEH 
SENTENCE ttlATH IS) "VECCH outputs [RATH ES VECCHJ 

Example] 

TO REPLACE :lET iLI :L2 

1C EF [LET - :L1 OUTPUT :L2 ELSE OUTPUT :LET 

m . 

TU LESP :U 

10 IF :U - n OUTPUT * 

ZB OUTPUT UOPO REPLACE FIRST :U T5 "TH L3SP BUTFIRST :U 
END 

TO NULTtLJSP :S 

10 IF :S - [ J OUTPUT [ } 

20 OUTPUT SENTENCE LTSP FIRST :S nULTILTSP 0UTFEFTST iS 
END 

TFflINT nULTJLISP [THIS ES A RECURSIVE PROCESS} 

7HITH ETH A flECLRTHQYE PROCETHTH 


4,4 REGIEST AND TvFEIlNt HULTIPLE [NPUTS 

The LOGO dpergl ion REQUEST ualt* tor the tiaer to typ* ih a I let and 


then outputs that list. 


ru AGREE 

10 PAINT [TYPE SErlETKJMS TOU L1XEJ 
W PRIHT rSENTENCE [I UKE) REQUEST [TRJI1 
e«d 

?fiCTEE 

TYPE SDT1ETH1N& YOU LUKE 

FICKLE JELLO PITH PEANUT BUTTER 

I LIKE PICKLE -JELLO PITH PEANUT BUTTER TOO 

In the above ewanple thg prcnpt character > indicate* that LUGO ia 
Malting for -a REQUEST to be typed in. The list typed Into a REQUEST la not 
enclosed in brackets, and I $ terminated by a ear r la-ye-ret jrn. 

The abdve example also iIlustrates that the SENTENCE operation can 
be nade to take more than two Inputs b*y enclosing the uerfl SENTENCE and a I I 
the inputs in parenthese5- SENTENCE then combine? all the inputs into one 
list. MORS. PR [NT and TYPE can also t 9 k? sy111 pie lnputf in this uay. 

Motet n<j not cor Fuse paranlhesea and 

squire brackets. Parentheses indicate 
-grompingi of Inputs. Squflr? brackets 
are more like auotation marks. They 
Indlcal* that MWthling is to be taken 
IiteralI y as a list. 

REQUEST always out put I 3 Hat* even If it is a list containing one 
(or no] words. The operation TYPE3N is like REQUEST accept that it wwtpw!* 
a word„ TYPElff is equivalent io FIRST of flEQJEST, 


4,5 FPR1NT 

tkider the LOCO printing conventions the ehp-ty mrd and the empty 
list both print as a blank line. Likewise a word Snd 3 ont-uorcf iiet print 
the sames 

?PR]NT “MUrlBLE 

rtmjE 

?PR1NT U1J1BLE) 

MUhBLE 


While this i> convenient for uriting cdhvtfiSl itjnfll programs i| cSn 
also be misleading, especially when treking donn bugs which may come from 
confusing words and Matsu To help here, LOGO provides the command FPFTINT 
{''fult PR] RT" 1 } which ia just like PRffJT rxcspt that it prints the brackets 
surrounding Piets* 


SPRINT [MLJhBL£] 

EnunsuEi 


5. WJTBERS J^hlD ABItHCTIC 


5.1 fNIECEHS 

The lariat integer that is accepted by LOZU arithmetic is 
2,147, 4*3,647. The aria I lest number i a -2,147.483.647, Mote, hrsuever. 
that numbers are written m LOGO nithout comas,) 

5.2 INFIX FOAMS 

Each c f the Basic arithmetic operations has an infix form (infix 
Because the symbol goes bstue'en (he operand*}t 
+ For addition 1+2 

- for aubtract ion, 1-2 

* for multiplication, 1*2 

7 fur the quotient of integer division, 3/4 Outputs 0 
^ renalnder of integer division, 3U Outputs 3 

- for unary minus,, (This is not technically an infix operator„ but 
<ts use ia effectively the sane as subtracting the operand 1 from zero.) 

5.3 PRECEDENCE 

*,7,and V have a higher precedence than 4 and -j that means that 

*,/, and \ are evaluated before + and 

TPRJttT 4*6-4*5 

is equivalent to 
7FWNT 

2* - 14*5] 

20 - 29 

0 

0 


As opposed to 






?PR[NT 4*[S-4i*5 
4* 1 *5 
4*5 ■ 

20 

20 

All 1 these inti* operators have higher precedence than prefix ones which is 
why aM the arithmetic gets done before any FfllNTing happens. 

5,4 HLTIERECAL CDND3 T | DUALS 

< + ^ , and * are Inf In farms af operations that compare two 
numbers* < neans 11 less', * outputs TRUE if the float number is less than 
the second, FAL5E otherwise. * msane 'equal > means yreater . 

These nark, in the S4&* namnar as c ; 

?PqSHT 1^0 - 100 

TRUE 

?PP1MT 100 > 100 
FALSE 

■ s. 

< k > , and ■* hay® lower precedence than th* ether arithmetic 
operations, so ^nen per font ing a comparison th® arithmetic is dorie first. 
These operations are usually used with the LOGO toniltional-s, EF and TEST 
fsee Chapter 3), 

< and > require that their inputI be number®. 

h AFPLE > "PEAR 

is considered nonsense and will generate an error. 

■ ♦ howsver, can be used to compare any two UDG0 objects. For ex-ampls, 
-FOO-V - ■'FOOlV 

does hBkt sense and wi M work. 


5.5 PREFIX FORMS 


Each Of the ar ithneti c operations has a prefix: form tprefi* because 
it eoire-g bs*ore the Dpa"andiJs 

suit * 

difference 

FfiDDUCT • 

ojotient / 

FiEtlAINDEfi \ 

GREATER > 

LE55 

EQUAL 


SUM and PRODUCE make use of the variable ruunber of Inputs feature 
(see Sectior 4.4L 


7FRENT rSLM 96) 

96 

TFRirfT tan I 2 3 4 5 6 7 I 

z& 


5<e random 

Takes no inputs, Outputs a single digit randori integer, 

5,7 FiDATfNG POINT MISERS 

In addition to the integer nuneric for* already n*nl ronotl, LODD 
also accept9 F(dating point ngnbers, These rnuhhe^s can he expressed in two 
different formats for both input end output* These forma are standard 
decimal notation and exponential notation. Exponential notation is of the 
fglIpuing fornu 

■s numbers *E or NxxexDoneptk 

where xnunberji [called the Pantisas) is either a floating point ngifter in 
standard decimal forti or an integer, and fexponent> is an Integer 



(represent | nq a poge r of 10}. ]f Ihfl exponent is positive, the letter £ Is 
used to separate the nunber (ron -ts exponent* if the exponent is negative, 
the l e t lee N Is used, There should be n& spaces between these three 
elements of exponential notation, fw decimal nolation, a number \ s 
unit tan m almost the sarr* tons a? an integer, but there most be a decimal 
paint at acne pcs!Tien in thg number. It this decltiil point is not 
present, the nutiber uill be regarded as ah integer, H#ro are semg examples 
ol va id t I oat i no pci n| rusher a in exponential form; 

3E4 5N2 

3, ^4 4.5G3N3 

-4E4 -4N5 

-2,5925E3 -253.253112 

The to Mowing are not in correct e if ponen (i 3 1 forfr: 

^5,1 (The exponent is not an integer} 

2.7E-1 tlha letter should hd i'll 

10 El (There should be no space! 

The following numbers a-g examples of floating point numbers in 

decimal nptatipn: 

4. 

41.5? 

259.253 
. 00000000259 

The output of 3 floating pcint nufsoer uill aluaLjj he in one Of 
these ti*o f erupt s. Usually thg output Hill he in decimal note lion with 
hoh-ti ghi f i cant and trailing zeros removed. !f !h« number is too large or 
too Shall to Po rgprg^gnted with 7 digits and a deoinaT point, it will ce 
aulohat 1 ea I ly converted to exponential notation Tul |h> grte plr^i t of thg 
nant-ssa to thd I Oft nf thg dscinal point], Tne rraximuir. Magnitude of 9 
floating point nunber in LOGO is approximately 1.7014E33,. The Minimum 
nagnitude Ifl appro m-I matsdy 2.33371^ (however. this cannot be entered from 


a consol a— the gnjl nagnilucSe that can be given a? input Id LOGO rj 
1,1)3$,), These limits are the sane for both positive and n*gal|ive rushers. 

All arithmetic operations on floating point numbers yield f lost! fig 
point rtus&or*. In order to force conversion of a floating point Pusher to 
an Iftteger, the INTEGER operation i ft Usotl, tUTEGEFt fate 9 one inpul, a 
f I eating point number in dee i ha I op exponential forn, and outputs Ihij 
number converted lo an I Meyer. [Renenb<e*\ however. that INTEGER ii eubj-ett 
lo the standard LOGO lihiti. on Integer size, and conversion ol floating 
point numbers exceeding this size dH I fail,) In order to lorce the 
conversion of an integer to a floating point number. simply multiply Py 1.+ 

5.4 NUMBERS AS WRDS 

Numbers are considered to he LUGO words (see Chao ter 4>: all uord- 
panipglaiing operations work, on number h, too. 

■7PH5NT FIRST 45673 

4 

7PR1NT 0UTF[RST 45673 

5674 

7UR1MT EUQRQi 12 341 + lUOffl) 56 73 J 

6312 

Integers or floating point number a exceed Ing their respective srze 
I in its are still tr gated as words but cannol be used In arithmetic. Evan 
though numbers are words they do not hav* to he tjwoted uhen typed in. 

5.9 NLIMRERP 

Takes one input. Ef the Input is a number In the allowable r@nge 
♦dr i tt respective type. NITBERP outputs TRUE. If the Input is a number 
outside that range, or iin'l a nruhber at all, NUFEERP outputs FALSE. 


£ t ARRAYS 


Arrays in LCCP ace of one, tuo or three dimensions, There arc 
three Types Of arrays— integer, failing paint* and pointer, 

El 1 PFFIMEAnFlAV 

To create an array,, the conna-id QEF1NEARRAY (gbfergviated DEFARf la 
used. Denending on the number of difrengi ons. QEF1NEAPRAY takes up to fivg 
inputs: the name of the array, the dimensions pf the array, grid the array 
type (B for Integer, 1 for floating paint, 2 for pa inter!. If thg array 
haa none than on B dimension, the command DEFT NEARRAY and 1 Is inputs must be 
enclosed in parentheses. 

E.2 ARRAY SIZE and SPACE ALLOCATION 

The tiawiiHJFi si;e Of arrays is Peocndent upon tha current amount o^f 
ai-ray space. Array space is. normally allocated to alien approximately ZSdQ 
element a in painter arrays, end half (hie anount ir> integer and froatingi 
point arrays. The total anount Of space used i A approxinateI y epual to the 
sum of the number at ekmehls in each array, with painter array elements 
only using half as nuch space Ss integer and floating point, [However, it 
should be noted that every tine an array is created SDne extra space is 
used to store thg description of that a«ray, making it more efficient 
regarding space to use single large arrays uhengver possibleJ 

It is possible to allocate e*ira space for arrays by using the 
SElAoSZE cosmand, SEiASiZE takgg one argument, (he anount of space to be 
a I fpcated, ir HO^do \every Hard stores one pointer array element, every fuo 


uprds a (or 05 one integer Of Moating point array element), The na»:i*iu« 
input to 5ETA5EZE is approHinalely ILflfi), which makes it possible: to expand 
array space by 3 factor of three. One inpartant note about SETA552E —- th-e 
use of this command involves a re-ini ti ailjflt I on- pi tb* a* re of (he user'* 
uorkspace, which neans that 3 new "HELCGflE TO liLOGO H message will be 
printed upon completion of the connand. Thus, any use of EETA51ZE should 
bo Invoked before using lh# filing ayst-ee in orde^ to save the trouble of 
having to read Files again, etc. 

Arrays are not saved In the filing system 1-eee Section ll.tl, The-y 
arc autnual iea 11 u erased when you type HELLO or GCODBtt to LOGO, and so 
thug eusl be re-created S3Ch (in® you use LOGO. However, they can be 
erased at any tine by using the comnand ERASE ARRAY (abbreviated ER ARRAY), 
This comnand takes as input an array name and erases It frsn your workspace 
Isee Sect Ion 10.21. The compand ERASE ARRAYS i EH ARRAYS) takes no inputs 
and erases all arrays fror your upr-kspact, 

G.3 GET and STORE 

When an array is created, a L E the element! Sr* eel to £^rp T ]n 

• ■■ 

order to assign values to specific elements of Ihft array, the STORE command 
Is used, GET is an operation used to re ferine* 1h* v^lu* of a specific 
element. STORE takes the same nurnoer of inputs as the corresponding 
DEFTNEAPRAY command; its inputs in order grsf the array nan®, the 
coordinates of the desired s-lreent, and the value, to be assigned to the 
element. GET takes one lens input than the corresponding STORE command; 
its inputs aret the array name, and the coordinates of the desired' element. 


Unl ike STOHE «nd CEFtriEARRAr, GET output* a value, Aa irv OEHNEARFAY, {£t 
ancf STOP- and their respective rnputa rust &b enclosed in parentheaes if 
the array is of moro than one efi none ion. 

! t is ie|WTant la renenber m using the GET and STORE Operations 
(hat LOGO uses 0-or.lflirt induing, i.*, fnr ari y rf i fl<! ns i or. of length n , the 
^emanta art nunoered 0 to n-i, For triple, fhe fourth 5 Wnt in a 
single dimension array is given Coordinate nurtber 3; the el^snt in the 
fourth row, third cotunn D f a \uo- dimensional array F0Q ia adfresietl -FDD 
3 2 j and so on. 


6,4 PRINTING OUT ARRAYS 

AS3ZE ia an operation uhith takes ant input* an array nate 

[quoted}, and Outputs the dimensions pt the array. The cswartd PRINTOUT 

APHAV rPO ARRAY J takes as input an array name and pr Into out its typo and 

dimenaions. PRINTOUT ARRAYS [PO ARRAYS] (akss no inputs and perform RQ 

ARRAY for all arrays curently defined ip your uOi-kspacB, 

E>iatiples O'f array operational 

?tDEFAR *& l 2 &} 

?Pfl (GET "6 \ 1) 

& 

?(STORE "fl I 1 71 
PR tGET *6 I 1] 

7 

?PR <ICET "9 1 2) 

INDEX REFERENCE OUT OF BOUNDS 
TDEFAfi *k 2000 
NOT ENOUGH ARRAY SPA^E 
?5ETAS]ZE E000 


uaoohE ng iiloco 
?oefa^ *a 2000 9 
?PO ARRAYS 

a stze z&ea type integer 


7. NAMING 


7.1 tV,KE 

The LOGO ccnnand NAKiE is used lor naming, HAKE lake 5 tuo inputs; 
fhE first is the name and the second 1 is the thing being nined. 

HAKE "X 27 

wi I! assign the 1*131*4 X to 27 . A natrr: tiust te a LOGO wgrtf {see Section 4,1 
about words)* 21 rg the value or thing* and nay he a nunhsr or a word or a 
i»st or anything 41 go. 

The use of the synbol : [pronounced h dDts"T as a pr-pfi* to a word 
retrieves the thing or value of a word* 

?PRJNT ;K 

21 

*1AKE "HVZ 27 

[The MATE] (The TH[NG] 

TPflENT tXTZ 
27 

THING is an eMpricit LOGO pritti t tvs that does uhat J does, l.a. t it 

extracts the thing from a word* 

7PRIWT TH[NG H X¥Z 
27 

?rtAKc "RABBIT "HARE 
?PR]NT eRABBIT 
HARE 

?PPJNT THING e RABBIT 

wiM generate flr error* because (he word HARE has no thing. 

Let's give HARE a value; 

TilAKE "HARE tA B E] 

7PRCNT eHAFE 
TA B Cl 


'’PRINT THING jRARRJT 
IA B C! 


The iaacVarroH eyritol l«-> is an irfi* fori oF flA^E 


■?-NAH£ •* "REALNAHE 
?:NArE i. 27 
7PR3NI [FEALfMfE 
27 

?W0RD "F£AL "NAIIEIi *■ 27 


jq^Ke, too. 3c does; 

?*NUI1 4 - 0 

7 WORD "ARRAV tNUIJ *■ 'ROSE 
'JFRTKT IH]NG WORD "AHHAlf iNUII] 
ROSE 


St is also possible to use the MAKE gafemd to give Putt«pl& nawes 
to th? sane value. This is done in the fa I lowing nanneri to givt f«JP names 
A and 0 the samr value, say 
"A * H B i*-cvgMy(? 

This ca*i be dor.e for an arbitrary nunber af napes tsubjecl orily to 
the linilalion an the length af one lino in LOGQk rtuUiple eftn bo 
performed only ui th the 1 nfkx. fom of the MAKE comnarsd {*-},, 


7+2 IDEM. AND GLO0AL NAI“E3 

The inputs to a procedure are local nanes+ that ia, thr natte is the 

procedure 'b onn private nam&H For exgiiplc; 

?T0 EMC :A 
>10 HAKE “A tM 
>20 PRINT :A 
>EN0 

INC DEFINED 
TriAKE d A 3 
?TNC 3 

4 

TPftlNf sA 
3 


[n the abort c*&"pie K the name A in the procedure ha? nothing to do 
with the nane A gl th Q top lev*[, 

In contrast, narres which are not inputs to a procedure arp global , 
Corroare with the previous example, 

?T0 INC 

>10 hAKt "A jft4i 
>29 FRINT ;A 
>EN'0 

INC DEFINE& 

?riAK£ "A 3 

?1MC 

4 

7PR1NT -A 

4 

Both usee of A refer to the aane global variable. 

It re possible to cause a nane tb be local to a procedure even if 
il is not an input* This is done with the LOCAL rannand* LOCAL tafc.es one 
input* the name to be declared l&oaL* 

Example; 

TO CDUNTBOlfAFi£$ t* 

IB TF :X -8 STOP 

29 MAKE H K5C :K * :>i 

30 CflUHTSOLMAES tX-L 
40 FPSIMT sXSQ 

END 

?CCUPJI50UARES 4 
1 
1 
1 
1 

Here XSO is a local variable,, ConpBre with 

TO CDLOTSQLltfES :X 

5 LOCAL *KSq 
10 IF jX-ff STOP 

20 flAKE "XSQ iK * :X 
30 CDUNTSQUAREE :X-1 
40 PRINT tXSQ 
EtC 



?COUNT SOUSES 4 

1 

4 

9 

IS 

Here each invoeat«0*i of COurttsquares has its oun XSQ. 

Naires local to a procedure a^e defined In that procedure and in a 
E-ubproceduree 1 unless. th* suOprocedurc has I la oun I seal version of the 


sane narr'ef. 


S. 00N1R0L 

«,i co 

This cniTTian<J must be paM of d precedes,. It takes one Input, a 
Jme nunfcer in that procedure* and transfers canlrol to that line, 

8.2 STDP 

This also belongs in a procedure, [f lerinr nates execution of a 
procedure and returns control to the calling procedure, 

&♦? tdplevel 

This returns Con trot in a procedure i nirrd! r i t e I y to the top kevol* 

fl-4 OUTPUT 

This comnertd can only be need in a proceduret it returns eontrof t 
the cal ling procedure* and outputs its argument. By using OUTPUT the user 
can define procedures nhi«eh are operations. 


3, CONDI TIQNAL5 AAC RELATED CtilTlAl'iDS 
I Conti i t imali ace apt rat iarta which output either TRUE or FALSE r 
foui can make your (jun< If yog want, LOGO has three classes of readymade 
minditionala; 

at Numerical conditional*, e, g, LESS, ISee chapter 5.1 But note 
that EQUAL and - can also take non-nJhBric inputs, 

bH LuciesI ConditionaIg. Those take inputs which evaluate 
either Id TFILE or to F AL$E, and prrfom logical operations or thee; thus 
they art used in conjunction ui Eh other conditionals. They are: 

BOTH-- takes two input si output* TRUE It both evaluate to 
TRUE, outputs FALSE if one or both evaluate to FALSE, 

El Th£fl— takes lue 1 impute; outputs TflLE It one or both 
evaluate to TRUE, outputs FALSE if both evaluate to FALSE. 

M3T— takes one input: output* TBUE if fchp input evaluates 
to FALSE ■, and vice v*raa. 

Cl Freditative conditionals. These ess whether or not their 
inputs evaluate to a specified kind of thing. They fleet 

UuliLI' 1 — outputs THLfc II the input evaluate* to a word, 

FALSE otherwise. 

L[STP-- output* TFUf if the input evaluates to a list, 

FALSE utheru i *e, 

EflRTVP— outputs TRUE if the input evaluates either lo the 
empty word.or to the eupty li*t, FALSE otherwise, 

NU13EPP— outputs TRUE if the input evaluate* to a number T 


FALSE O t h eru i ^ p. 


Et£'|i|j leg; 


MAKE 'X { ) HAKE ”Z 37 

?PR[NT UtPO? :>; 

FALSE 

7PR1NI L]STP iX 
TRUE 

7PBJOT LtSTP it 
FALSE 

7PMNT EUPTVP :X 
TRUE 

?WINT fOlBEPP COUNT :X 
TRUE 

9 ’ ? Conditional* can be iterated, that i*, their inouts c*n Se 
CflrKli tionaFas 

TO ANVQF ;A eB :C 

10 OUTPUT EITHER :A EITHER tE tC 

END 

TO STROKE i* ; e 

IS OUTPUT EITHER BOTH 5 A NOT tfl BOTH ; fl nqt -A 
STR0KE! ^"Hhew, can h c i riser ted, if d„ired. They night clean up 

IB OUTPUT EITHER TROTH :A NOT : &j [ggiH -B NQT ,*j 
ENO 

Tnere arc slue a hy^er g,f standard edmunda which arc used in 

cpnjuncticn with condll.analat thay all denand that their Input* tvaluat* 
to TRUE or FALSE, 

a) IF and ELSE. EF tafce* Q^e input; If the input evaluate, to |h B word 
TRUE, th* rest of the LOGO Fine is evaluated; if the Input evaluates to 
FALSE, the rest of the Fine is skipped. However, if ELSE appear* in the 
line, this behavior- i* modifltd rn the obvious U 3 y. 


m CJ-fECKT m 

10 1 F UCfiaP tU PRINT H UCRD ELSE PRINT "NailCRD 


?Ct€CK TOO 
UDFD 

KhlCK [TH[S LJST] 

MUCH) 


IFs [or IF— ELSE palrsP can be gtacked Mi thin themselvet. 

TO BETTERED e U 

IB If NUT EhPfVP ,14 THEW IIP kORDP :U THEN P33NI 'Ltflfin 
ELSE PflllfT -NBUORD) ELSE PRINT -ETIPTY 
END 


H$re. Th£M rs 3 'noise ward" which does not in it*c!f afleet the 
evalugtion of the LOGO WliBion in ^rch it appears, but helps (» nahe 
tH 0 syntax of the « K pre»lm rare "natural". Th, parenth*ges are also 
options], but hg | p to 1 . 3*0 rhc enpreiiion eoerar to read. 

bl TEST, JFTFIE. and IFMUE. TEST avaluolos ft, ardent | lo TRUE or 
FALSE! and put* the rt«,lt in a "t„t box’. Until the next IES7 + JFTRUE 
fibbr W i B t.d [FTt and 1FFALSE lariated IFF) i*i | f look into th» bo* and 
cauee canifiti»n.t Execution of the rest of the line | n which they appear. 
There is no device analogs, ,□ ELSE which lllou, conditional execution of 
cn,a 3 part of th * rB5 t of the Una. $ehe non.*,!™, properfl*, of th* 
test box are, first* If no TEST ha* Ooen made, the ho* contain* FALSE by 
defeull, second, the bo* is unique a new TEST, a I though it may have been 
executed conditionally,..changes the contents of the bo* absolutely. 

Each prncefcro has its own 't«t box", which j* strictly local to 
that procedure, TEST* which are made in a subprocedura dn nt) i af , ect tha 
lest bo* oF the calling procedure, and conversely,. 

iFTPjr and EFFUSE tan appear anywhere in a procedure, and they do 


not have to tie on the tans line (indeed a cownand such as 1FTRUE "FDO 
EFFALSE 'BAR e*n never e^UBe BAR to be evaluated,) 

S.3 -PJE and FALK are LOGO trerda. Jt rs perfectly valid to Bay 
TEST "IRUE 

Of 

TEST LIGR1J "Tfl ' 1, UE 

Renender that aM words t#ileh are to be taken literally a-Jflt be 
tjyote^ on type in [except fQr nurrbe"e] f 
TEST TRUE 

wiM expect you to hove a protedure rwud TRUE, ft I ap 
TEST [TRUG1 

IB an Et-rar. (The input to TEST nu*1 he a uord.t 



I A- UOPtfSPMX 


Uh-en you rfeiih* g procedure or er®g|e a na^p by using MAKE. It 
becones a cart of your workspace, You can think of Lfour 'workspace aa a 
chalkboard or scratchpad containing all the procedures you are using. The 
LOCO file system a I I owe you to store every thing that ie In ■your workspace 
and reprieve it at sente later time tsee Chapter 111, Before a procedure or 
nare can be used it must be in your workspace., To gal ibhething Into the 
workspace you must either type it in at the console or read it in from a 
LOCO file. There @re alee coimfinds for examining and getting rid of 
various parts df thr workspace. 

10.1 UHAT'S ]N A UDRK3PACE? 

PRINTOUT (abbreviated POT ifl a eorrmand tihich prints out various 
parts of your workspace, To ase the text of a procedure, type PRINTOUT 
followed by the procedure nans. (The procedure name is not quoted.1 

FR[NTCUT TITLES (abbreviated PD TITLES or POTS! prints out the 
title* of all procedures in your workspace. 

PRINTOUT HANES (abbreviated PQ NATES! prints out all the names in 

your workspace. 

PRINTOUT PROCEDURES CPU P ROCEDURE S ! prints out the text of all 
defined procedu-e e. 

PRINTOUT ALL (PD ALL) prints both naT.es and procedures. 

[The PRINTOUT LINE and PRINTOUT TITLE cowhands are discussed under 
editing. PRINTOUT FIUI ml PRINTOUT IFEEX are diecuesed under filing. Ih* 
PRINTOUT ARRAY and PRINTOUT ARRAY'S cowhands arc discussed under arrays. I 


fhE operas Ic-n 1 IDMTENTS outputs a lint containing the ti 11 es Of all 
procedures in your workspace. No Is the r l i m t i riel i on he I w«sn BJMTFNTSl ard 
PRINTOUT TITLES, The former is an operation* uni le the larter i s a 

COKTiarid, 

A a 1 mi 1 ar cistinct ion exists bsHften the cotisand PRINTOUT and the 
ape^Stiori TEXT, TEXT tafcpg one input, a procedure name (not quoted}, and 
cutouts the text of the procedure s? a list,. The line?: of the procedure 
appear as 5C0list5, The END statenenl is. not included. 


10.2 GETTING R ]0 OF PARTS OF THE UDRKSPACSE 

The basic command is ERASE tape*-elated ERT, ERASE followed by a 

nrocodur* naue fnol quo tad) removes the procedure frod the workspace. 

There are alsot 

ERASE ALL Gets rid of all nanes and all 

procedures. 

ERASE PROCEDURES Get a rid of tha procedurgB— f eaves, the 

nahe?. 

ERASE NAVIES Gere rid of the nairas— leaves the 

procedures. 

ERASE NAME Tjkns one input, a- natie (quottcjl* and 

gets rid oF that particular name. 

(ERASE LINE is discussed und*r editing, ERASE FILE and ERASE INDEX 
are discussed under filing, ERASE TRADE And ERASE $TEF ere discussed under 
debugging. ERASE ARRAY and ERASE AJ^AVS are diacosaeeJ unde* 1 array a.) 


3 0.3 BURV 


he E4JRV corwand ef fsc' i v®| y *h ides" fi procedure and protcc I s it 
tram accidental delei ion. 6LRV takes ane input, the rane of the procedure 
to be buried (the connand BURT ALL can also be used). a procedure has 

been buried, it ul I | not appear i it any PRINTOUT CHMflnd unless it is nancd 
CKpiic.lt I«, Fpr B^a-Tip I e. a tilt FOfl uhich has hten t?aeb buried ui I I net 
appear under the tohmandg FUT5 and P0 ML, but the eohicand PQ *F00 ui H 
print cut the content* of F0O. This property also hold* far ERASE 
connandls, ERASE ALL will not erase buried procedures, put if the naee of a 
buried procedure is specified in an ERASE comrand It ulll be erased. To 
unbury a procedurt. the command ERASE BURT (□! Ipuetf bg the procedure name 
tor ALL) is usnd. 


Up lit FILE StSlETI 

Tfte LOCO fik H^gTeui allow* you to a tv* fan d4 H hat is In your 
MOrkspace and read it Dart. at a later tine, ft user -nay have eany file* at 
*nte. The Fries are dint i ngui ghed by t tie tart that thsy are named, Alt 
files belonging to a single user are grouped imder (hat User 1 g Ind^n, 

11.I USE, READ, and URFTE 

The CG-nnand USE specifies, the index under uhlth LOCO should 
referent, files. All subsequent READ or LRfTE corr-nand, will refer td that 
Fridew, un^i the newt USE, USE takes one input, the quoted name <jf 3n 
inde*, which is a word of up to ten char actor s. For exah P i ej to reference 
tho fries under the index ElQtBE, type 
U5E *EL01S£ 

The WtTE Cunnand creates fife*. It takes one input, tha nane D f 
the rite to be created [a uard o( up to ten characters!, Into the File 
goea everything that I, currently in the user’, workspace. 

This is a ennmon source of confusion, flamy user, often think thst 
if they hav B , for e K anpl Bt a procedure maned BEETLE, then 
kFHTE ’BEETLE 

«iM ootochou save only that one procedure. TM* is not the ca&e. AP 3 the 
procedures in the workspace uiH he saved. th B file u if| r^rrty have |h* 
same name as or* of the procedures in it. 

If the user already has a file ulfh Ihe sane nano as the one to be 
created, LOGO Mill first ask if the old on, should b* ,ragg-d and then wall 
for a response IY or N1 to be typed Ih. The old file nuat be erased before 



a nay file with the sane nane can be create a. 

The flEAD conrrand takes a file nahe a^ ■ nput; and reads the contents 
of the file tote the workspace. All procedures end panes flawed in the file 
Mill th?n Oeconre darned in the workspace. If the uorikepace afreadyi 
contains a procedure uith the cane nane as one of the procedures in the 
fi le, the procedure ui 11 na± he redefined and the definition in the flip 
■uill be skipped. 

SWAPS t*ee Section !3,3l cannot he saved in fUee,. Ef PtC K for 
enamels. 1 e the name of a 3nap r thon writing. out the workspace and reading 
it hack will cause ;PtC to beephu the eirpty uorch 

i 1 - 2 POf 3r>d POF 

The = e are commands which altpu you to exinina ffilae. without .reading 
then into the workspace. 

P'H J > l J 1 OLl T I NDEX '.abbreviated PD El takes no Inputs and print? the 
names of all the flies in the inde*. {The inde« in specified by the 
previous USE coinand.) PRINTOUT FILE IPO FJLEI take? a file name as input 
and types the contents of the file* ]t does not read the file into the 
■HOrksEace. i.e.. procedures in the tile hM I not hecone defrnad in th* 
■workspace. 

ERASE -3LE (ER FILE! takes a file nane as input and gets rid of the 

file, 

11,3 FILE SUBTLETIES 

Tn 0 description of Eha fifing system 50 far t though accurate and 


adequate for Ordinary use, la incomplete. In fact, the L0C& life system 
has a tree structure. The commands USE, flEftD, UR1TE, etc., as described W 
tai\ h^k e use of that structure only inpUcitly. 0 ut they tar, te made to 
Ute the filing tree much more o*plicilly, and there are other cowhands not 
¥*' discussed which al low a user to manipulate the tr«-e — pruning H, 
adding branches, etc. 

Each user 5 Ihdex can be the root df 3 general tree st rue tor-# of 
files, Thi E means that the i ndp* may not only contain files, but also sub- 
rndice -5 which contain files and sub-indices and ao on. For Example, the 
'n-de« ELDE5E night contain the riles DAY1, f1AflBLE T and the sub-indc* 

DISPLAY Uhleh contain* fJIes dealing hI th lleise'* display projects. In 
this case, the tile structure would be: 

i au:sE 

0AY1 
riARBLE 
E 01SPLAY 
UALlC 
□PALI 
PQLY 

etc. 

The l* t specify indices, (Normally a number will appear after each 
file n^me. This is just the nunber of storage blocks that IN: file 
occupies, > This tree structure Is pcinlgd out by the PO TflEE command* 
tNole that the tree is actual ly upaid* doun, uith the root at the top* For 
1.hiE reason, the root of a tree is often referred to as the h top lerel* of 
the f i If system, i*iiie the branches are caFled the 'lows- levels' 1 , where 
each sob-inde* represents a new I eve-1,} POJ does nut print out the 
contents of *ubindices. In the above case, it uould prints 


EL0T5E 

DAVi 
MARBLE 
[ DISPLAV 

fTh* poor inde* doss net have an E priMed bo fore itnf 

Each file in this Tree structure ie specified by a list starting 

vilth the ueer nane. This list givea the "path" down the tree fro" the user 

name to the file,. Far exartplfl + to read the Hie DRAW In Elsies'( flub-ihdex 

DISPLAY we could say; 

U5E “ELOISE 
READ tDESELAlf DflAUJ 

or ue could say, 

USE EELQESE OtSPLAfl 

READ "DRAU 

In general, the input to the READ command 1 9 added onto the input 
of the previous USE cpnesod and the whole string becomes the file 
epeeif icat i on. (Uhat happens is (hal the USE Command establishes the level 
from which all following pphNsnds arc to bo carried out. Thus, if tne USE 
cohmand refers only to the user ngoe, the path to- a file co-ntaingd undor a 
Sub-index gill be longer Chart if the USE command refers tn the the oesired 
sub-Index. Ue gi 1 i see I a tor hpu this level can be changed without 
repeating the USE conNS"id,t The inputs to LFfTE, PQF, and EHA5E F[LE all 
uprfc. in the same way, Unite FU| prints out the Index acetified by the 
prgviQyj U5E Cbtihg-nd, TO TREE prirtts out a nore enrroiete version. 

COneiating of all of the tree contained below (hlj index, including sub- 
5 nd i coe. 

To create a st/b-index, the DR[N1JEX command is usedt This OdtfS an 


to the branch specified fry (he previous USE. Far example, ELOlSE'5 aub- 
indc« 0] 3FL AY u^s created fry typiflgi 

USE "ELOISE 

CRtTOEX "DISPLAY 

Tu then create a sub-inde* of DISPLAY ngiFtrd PLOTTER, ue could 
sinpiy 63yf 

CRINDtK [DISPLAY PLOTTER] 

Ta get rid of .in inde* use the ERASE JtiOEX command, This takes one 
input which specifies, in the sane manrer as the gfrovt compands. the i ndex 
tfr be ers^td. An index nay no! be erased unices it is eripky, l + e*. 
ccntains no files dp sub-indices. 

Once an index has been crested, it ts possible to adjust (he root 
of the file tree sd that all filing connende refer only to tho:>B Hie? and 
indices contained: in the tree he low a specified index. The command which 
does this is SCI. P^3EK. SET INDEX [abbreviated 5ET[) takes one input 
specrfymy an index which will be the root pf a nsu tree fanning spue part 
of the whale file tree a I the work apace. As before, the inpul specifies 
the path taken doun ar up the tree fron the current root to reach the 
desired index. If nor* than one level of indices Is Involved in the path, 
a list is necessary to specify the lihoJs path. However* If the desired 
indcK rs jiust one level adovE or below the current root* a single nerd is 
suffittent to specify the path* 

Once an index frelou the ubet nans has been eat afrit shed , 1 ?. too 
current root, all cbmngndj refer only to that part of the tree he low tfiig 
new index. For e*anple r let’s consider EI piss’ a file system again.. Only 
this time with i fpu tiors frrancheE- addsc: 



ELOISE 
i 0 [ 5FU* 

UftLK 

PRAU 

POLY 

[ ALGEBRA 
fACTDft 
] flAMX 
INVERSE 


In oroer to make ALGEBRA the new i-ppt Indc*, the conmancf SET! *Al_GEBAA is 

used. The new tree {printed gut toy PO TREEk IddKb I i*e this: 

ALTERA 

FACT® 

[ MATRJK 
ENVERSE 

Mot let also that files not in this part Of the free cannot t»r read 
kttheut goint) tack up the "branch" and dawn another un-til the appropriate 
indek tender which the tike is contained i* reached. For a^-anpie, typing 
READ "PCLY ui 11 \ return an error message. "TELE HOT FOUND", lines tht path 
nano has- not been fuFly specified. 

In order to rove the currsnt root back up the tree tauards the sain 
directory name. the inptut '* re used, The up-arrow can oe weed in lists 
just like indes names, so that 3 list containing n " h e used as Input to 
SET] naves the current root up n levels. Thus, in the above evaTipit, In 
Order to read POLY, the command READ [* PQLVJ Is used. 


11*4 OPEN EELE rmlPULAT LDN= 

.[PENN takes one irout, a desired tile narr.e Iquoted]., [This fits 
does not have to al reedy e*iat in (he file SystohJ .OPENt] opens the 
selected F'le [or creates one if 11 dots net already e*ietJ and a I Iowa kt 


to &e written mlo, starting 3 t the peginning of the file, [f the tile 

already exists in the fifing system, the user ui 11 he asked to delete it 
Uef&rc urrtmg. since the old information contained irt the file will be 
uritt^n, over by the new input t(? the connand ,FSl_EF„ 

■ FtLEP is u-sed. cnee the file has been opened for uHtir*g, to 
perform the actual writing. f FILEP takes as input a list containing fhE 
desire infocnat ion to be bitten into the file. Each-time .FlL£P is used, 
a neu Um fui th a ma*lrrun length of m characters) is created in |h P 
file. The input tb .FllEF can aFso pc a procedure narr* [unquotedh t in 
uhich case the procedure ig executed and itg output is written into the 
file, if there is no output, nothing It written, 

f 0PEHA opens a file for writing nuch like .OPENJ, bu( a If 
in for*# l ion written it added [apoendeef] lo the s-nd of the tile. None of 
the original chants at (he file arc altered, ,FJLEP uerke in the same 
manner a& before. 

.PPEiNR is used to open a file f er reading. It takes on B pr^ut, the 
desired fi le natic; Equated),, The ceiiaml used with , CPE NR to do the aelual 
reading Is .FRER, Unlike .F]LEP, .FILER takes no inputs bul returns an 
Wtput. This output Is the currtn! i ins Of the file being reacL Every 
tine: a file is opened for reading, an internal pointer Is =et to the first 

HI 

line of the file. Each tine .FILER is used, this pointer is inerpnented so 
that the next line will bs read with the n**t use of .FILER. Uhen the end 
Of the file is encountered, one blank line will be printed but by .FlLEft, 
and I hen the tils will be autonatRally el need. In order to read (ho file 
again, .(FENR Bust Pe used again, if the current line of the file it a 


procedure n3h C . that procedure Hill be executed, IThls fact enables a ussr 
execute procedures p i mpij c iI ly* uhilg reading a file, [t 1* utilized 
6y the INIT file; see tF*e LtiGIN eonnandJ Any uord encountered uhich H 
not part of 3 procedure definition or i e. not a LOGO conmand is assumed to 
be a procedure name, ]r such a procedure dcec not as 1st, an error up 11 be 
returned, 

, CLflSEF i* used to doss any open fil Br .CUOSEF takes no input* 
and closes the file currently open (only one Tile at a tine con be open?. 

It mo file Is currently ofn»n, the CDnnand is ignored. 

11.5 LOGIN 

LOGIN t$kss one input, your user name Iquotedl, This 'tells the 
system uho you ar« H , and this I rtf 0r nation U used! by the PEEK! conn and. 

LOGIN disc perform, an automatic USE, Houever, LOGIN is most useful lor 
ihitializingi certain conditions in the workspace and for printing out mail* 

Uhen LOGIN Is used, the System looks in the user 4 * file gygterr to 
«* if there is a file named |N] T in the top level of the file tree, it 
this file exists, (hg system reads the File and pgr fores ail commands 
m-lttort directly into the file fthrough the use of the commands „0P£NLJ, 
.L^ENA, and .-.LtPIh This facility allows [hg user to do many useful 
thihge, For instance, the [NIT tiig can be used to read all the files in 
the user's file 1 system "automatically' uhsn logging In, or to print out 
nessages upon logging ln+ 

The LOGIN coniand also causes the system to ssarch for the file 
named IhAR. ]f this file is found, the contents are printed, and the user 


is then asked \* the mail should 'be dele tea. 


11. G PAFEFt TAPE 

LOGO procedures may also be stored on paper tape. The user may 
pass information between paper (ape and the workspace using the following 
prinilives. 

URNtPTP punches out Ihe coni ante o-f the workspace onto paper tape. 
It does not involve the- Hie system. 

REAJFTH reads into the workspace from the paper tape reader. 

Neither REAEIPTH nor UfltTEPTH take any inputs. 

You Should have someone show you the nechgnics of using the reader 
and punch before you uee the paper tape commands. 


12, TURTLES 


Inis section is about th* physical turHee that run arpund on the 
floor. (See Chapter 13 lor display turtles.) 

L2.1 Vou oust tall the system i^ii-ch tirtfe you wan I to use before issuing 
turtle camH^nda, 

TURTLE 

Take* one input which should Is* the number of the turtle you want 
to u»> The numbers are narked -above the plugs on the controller bom, and 
ar* 1, 2, 3 or A. Normal 1 1 y> only I and 2 hav* turtles plugged Into then. 

NO TURTLE 

lakes no mputg, NDTtlHTLE releases the turtle ff-oh your control so 
scmenne else can uep it. 


13.2 BAS EC TURTLE GQTfWDS 
FOHUflRD [FDI 
flACk \m 

These commands take on* input which oust be a number betueen -3276B 
and 327G7 inclusive. They command the turtle tn mows < input? units forward 
Cm the direction it is pointing! or backward. 

FtrCHT IRT) 

LEFT TLTI 

These take one input which oust be a number betuggn *3276$ and 
32767 inclusive. They connand the turtle to rotate <input> degrees 
clockwise or count ere iock wise, respect ii we |y. 


PErjJP i PUI 


PEMnnun (pd) 

or lowers the peft hold mg riechanl s>i of the turtle, When |h<! 
pen is down the turtle Mill draw a lire as It rioves. 

12.3 SOrE TURTLES HAVE A HEADLIGHT 

LfinPCN 

LAhPDfF 

Turn 5 the headIight on end off. 

12.4 S0T€ HAVE A UHLSTLE 

TOOT 

"ates One Input which must he g number between -327G8 and 327G7 
inclusive. Jt pious the whistle that nueb-er of tint* 

l?r& TOUCH TURTLES 

There ig a variety of turtle IhtJt have sensors that car tell when 
the turtle le bunping against an object, The following primitives are used 
to teat whether senetrs Otc or or off, 

FTOUCH 

Outputs TRUE It the f^rpn? of the turtle is touching aonethirg: 

FALSE otherwlae. 

6TQJCH means back ta*jch 
RTCJJCH means right touch 
LTOUCH means left touch 


Here's, a procedure Tg bounce the turtle better, tup uel l«* 

TO BGtfCE 
10 TEST FTDLCH 

20 ] FTFHJE lEFT IBS ! TURN AflOtNO 
3B PORUHRO IS 
40 BOUNCE 
END 

]f the tyrtle is hitting an object at an oblique angl fl two touch 
sensors nay be TRL£ at the same lime. 

\2, & SEEING EVE TURTLE 

Ue have a prototype turt I e-wi th-an-eye. The eye is **trenely 
simple - it t«Ms the asount of light it is seeing in a very narrow fi„Jd. 
LIGHT 

•Outputs the light level. This ie a hUHtwr bellmen B and G3, 

Lftrpnw 

LAUPOFF 

Seeing eye turtles don'1 have heodlights lycth These eomnands 
currently enable and doable a node uhereby the eye tan rgtate. LWtHDN 
enables this unrip, LArFOFF d ! sab lea It. 

FQRUARD. 6ftCK 1 RIGHT. LEFT 

UhEFS in the mode described above these commands change the angle of 
elevation of the aye. Jhen not In (hat node thft,e conniaird* per torn their 
nortiol functions. 

12.7 THE LIGHT KJX 

It is convenient to use the tight bo* in conjunction with the 
see i ng-eye turtle. The light bo* can supply current to any subset of up to 



gin light bulbs lat !h e nQmsnt rjnly. four light bulbs are pfluggecf ink The 
Fight do* is control fed by sending it a rubber via the . TYD command i^ee 
Chapter 19k The I ighl t D * is specified by the Input k LfCttT t so to send 

the- number 20 to the po* type 

♦TVQ 'LIGHT 20 

yhat the tHJx foes liien it gets a nunder ij determined as to! I due? 

Write the nunb*r in binary. Then the 
1 b plac® specifies hhrthrr light niitiher 1 ia to bo on 
*r off* the 2's place light nuhber 2, the 4's place 
light nLrtibpr 3 1 etc. 

Note: The controller tcuhich the light bo* 
is attached traps 1? (octal as its reset 
character. Thus 17 sent to the Fight bo* 
uili not be seen. Jf you desperately want 
to send 1,7 'lip turn on lights five and one 
together1 ypu can us* (he fact that the flight 
do* ignores bore than six hits and send it 
64+17*81 (octal 131k 


12.8 THE SUETCW PANEL 

The snitch panel is a "blue do*' which h 3 a an its from 1G smaM 
light bulbs. Each of these lights represents the status of one pf 16 
hardware switches. When a 8witch is set, the corresponding light is turned 
□nt unen U re cleared, flhe light is lurned off. The following LOCO 
primitives can be used to lest and manipulate the status of these switches, 

SWITCH 

Takes one argunent* the nunber ct a switch (0-161 and outputs TRUE 
if the switch is get, otherwise FALSE. 

RELAV 

Takes two inputs, the number gf 3 Switch and a value tc be assigned 


to It t(J of 11. ]f 3, the switch is turned off T If i, St !j lyi-riecj or>i 

BITOUf 

nne input, a rnjfiber which ia converted into a 1.5-dig it binary 
valiue. Each dgit oH this value ia then u?rd lp deterioint the ecrid i I i on of 
the corresponding swi tch tat feelively (he ague as perfowning a RELAY for 


each switch). 


1 Jr DISPLAY TURTLES 


Th B display screen i$ 400 turtle units high by 400 wide. The 
Cert ter of the screen haa coordinate* (fl.fl), the batten left hand earner 1, 
(-200,-200); the top right hand earner ib (200.200}, Uh B n the turtle 
is pointing straight up it* heeding is 0, 'Heading! is neasured claekuise 
[l‘*‘ H]CHT) tr<jh that position. 

■ f - 

13.1 INITIALIZING THE 0I5PLAVS 

CLEAR5CR2EN tCSl 

Erases everything on the display screen and. places th B turtle g| 
the center ot the screen pointing up, ¥nu should do CS first, before 
issuing any other ctiirn*nds to the turtle. 

uipehean cuci 

Erases everything on the display arreen but leaves the turtle utiprc 

it i o. 

WDBI5PIAV 

Turns qH the display, 

STAflTtJlSHJW 

Takes one input, tftiich nust be 0 or 1, 0 starts up a hair-si^e 

display, 1 starts a full aize tTi splay. SfAKTDI SPLAY 1 I, the sane an 

CLEAfTSfflEEN. 

13,2 BASIC CDftWmS 
FOPirlAFQ (FQ? 


BACK [QK| 


T^kp-j cirt^ input uhich must be either an integer or fioating point 
nuTiber. Moves The turtle ^inputs* units foruard fin the dined ion il is 
pOin ting i or backward. 

RIGHT [RT> 

LEFT fl_T) 

Take? dps input which null bis either an integer or floating point 
number. Rotates the turtle ^inpuT> mjiiber of degrees cluoku'se pr 
count ere iockuij se. respectively. 

PENDOUH IPO) 

FENUP [PUi 

Loners or raises the turtle's nataphoricpl pen. 2f the pen is poun 
the turtle draufl. -j | me as it boves. 

PENP 

Outputs TRUE it the pen is down. FALSE if it ia up. 

LKAP 

NOURAF 

URAP enables a node bp that If you try to nova the turtle beyond 
The edge of the display it uraps around to the other edge. MEJRAP turns 
Off this irode-3 if you try to flQve beyond the edge you get an error* 

HEDETUFITLE (HT|i 

SHOJTLRTLE (SU 

H[GEri$?LE tttlfl the computer to atop ahouing the tittle triangie 
thal re presents the display turtle. The turtle uilf it ill drsu lines (IF 
the pan 3 & dounl even though you cannot gee him. 51-fOtlTURTLE brings the 
turiIe Put oF hi ding. 


13h3 SWAPS 


SWAP 

TaNe* n® input 9 . Outputs a refirsnce tp "the slyff pn the di^ulgy 
jcrKti,* Fcr e-xairple, 

flAfE -P]C SNAP 

causes fPlC to rplen to whatever is Currently on the screen. Later yw 
can cause Another copy to appear py gaging: 

DISPLAY eRJC 

or erase It by saying: 

LltPE :P 1 C 

Each SWAP has associated with it a "starting location" uh-ich in 

noraally the center of the. screen but see also HGMSHAP3, SNAPS cannot he 

+ 

saved with the UR]TE cowmand (see Section 11.LI. 

0]SPLAY 

iak.es one input which bust be a 3JAP EL.,a, a reference created by 
IjjtvCF | . : he SNAP Is displayed at the current turtle positron and [he turtle 

is then moxeel to the end of th* Bf|AP < as if lh« turtle had just draun the 
&NA 0 explicitly, The turtle's heading has m effect on the displayed SNA®. 
The SNAP always appears In tta orientat Eon in which It uds originally 
drawn. 

U]PE 

Takes one input which bust bo a SNAP. Et erases all appearances of 
that SNA 0 tron th« display screen. 

NEUSNAP 

■ akej no inputs, 3t causes the image Currently on the screen not 


to be par( <jl subsequent SNAPS, Al*p sate the start ir-g location *f 
flybaeq-jant SNAPS <0 the Current position of thp turf Is rather thin the 
center of the sei-eeo, 

13 A LOCATING THE TURTLE 

HERE 

SETTURTLE TSETTS 

HERE outputs a list of the H-ccor-dinate. y-eoord : rate and he ad me 
of the turtle. You can use HERE to name a place oft the display, EETTURTlE 
takes one input, a Met ol three nunbera between -32768 and 33767 
inclusive. The first ih assigned: to the x-coord mate, the second to the y- 
coardinate and the third to the heading. You can use SET TURTLE to move the 
tori I e to a place that upa railed using hERE. It util drau a line if the 
pen is down. 

KHE 

XCOR 

VCOR 

hOHE Is equivalent to SET| 10 0 0], XCtffl outputs 3 rajkbsr uhich Is 
the current x-coordinate of the turtle. YCW output! 3 number nhich is the 
current y-coordlnate- of the turtle-, 

5ETX 

5ETY 

SETHY 

SETK takes one miner l eal input and mpvag the turtle horizontally to 
that X-coordinate, 5ETY takes on* nuherical input and moves the turtle 


ver t >ca I ly 19 that V-cacrdinate. SETXV ta^es two nunee icat Inputs and 
noves the t Ur t 15 ip the designated posit Ion, Each these commands hi M 
draM 3 line if the pen is daun. 

HEADING 

SETHEA01NG 

HEADING output? a number which is the heading tin degreesi of the 
turtle,, i.e., the direction In which it ie painting, SETHEAtUNG taKes one 
nurrber as input and points the turtle in that direct-ion. 

13.5 PLOTTER 

The plotter is often used in conjunction «!lh displays. Tn uoo the 
plot ter , type HOTTER. When you are through using the plotter, type 
NQELOTTERr All other plotter connand? are the sane as display COtimands. 
Houever. certain, display cpnnands da not apply to the plotter and nil I be 
ignored If typed to the plotter. These are at I fairly obviouss they 
include: CLtAfiSCRcEN, I^FECLEM, UFIAF, HIDE TURTLE. SHDUriJRTLE. SNAP, H1FE, 
and 03SPLAV+ The plotter also has 0 npre rp-g trie ted argweent range than 
the displays, 

13.G MULTIPLE DEVICE CONTRCL 

It is possiblt to control tiOre than one device at at time pn LOGO. 
Th i s can he done through the use of the cprnranda ALSO and CNTRL. [f you 
are already using ars device and wish to use another without giving up the 
first, t ype 


ALSO <dsvice> 


uhire <device> in 1 hr device you wish to itjf. ALSO gives you access to 
additional devices, but it is- necessary to specify to which device a 
specific cowidod is directed. This is dene with the CNTRL compand. CNTRL 
takes one input, the nane of a device which you currently ’ 0140 ", and 
Specifies that device as the object of the.n**t comr-and you type, far 
esta-npEc. suppose you are using a display and you decide you want to use a 
fton r tu*-|lo at 30 , First type 

ALSO TURTLE <fiuhbcr.> 

However, if you now type 

TOOT 

LOCO ul |1 resDDnd 

rODT ONLY VALID ]F YOU HAVE A TURTLE 
Before you can direct connands to the twite, it is necessary to 

type 

CNTRL TURTLE cnuribsr:*. 

Alt valid llpor turtle camrands will new be accepted. If yOu want to use 
the display again, you nuat say 
CNTRL DISPLAY 

LOCO now will accept display cowhands, but hot tkoor turtle 
ccnrrtind 5 - Each tine ijqu ward to change between devices, the DNTflL conmand 
referring to the device that yOU want to USt dust be typed. However, 
subsequent cone and s can only refer to one device at a tike. 


14. MUSIC BQK 


LOGO has primitives which, supply output lor The music ton. A LDCO 
user can specify par( 5 for U p | Q « sinu I tarteous. voices, each voie* having a 
range of five chromate octaves* ]n order (□ avoid fining prohleuft the 
siufiic is cohpiled mto tenpwary storage and then output to (he bp* at a 
constant rate, rathe" than played in "real tine", 

14.1 MOTE 

The NOTE Eorsnand generates one note of time it. NOTE takes two 
nsjUiaric inputs, the first sped F res the pitch and the second the duration. 
Pitches are numbered chromatically frpn -24 to 38 with B being niddle C- 
Thcrt art also three special "pitches"; 

-28 is a silence 

-27, -2£ are the percussion sounds "boon" and r s*h n 
-2E is not a valid pitch 

Durations oust be- between 0 and 127 units. Each unit is nornal iy 
about 1/3 second Chut nee NV'QTCES be low]. 

Tic actual output of HCTE iP tD Is determined as fol iouji 

If tD - 0 NOTE generates nothing, 

[f tD - 1 NOTE generates a pitch 1 unit long 

Tf eD > 1 NOTE general*# a pitch 3 0-1 units long fol I Owed 1 by 1 unit 

of rest- Therefore , rrusic up 11 not sound ^slurred". 

[f eP is -2E V -27 NOTE generates a sound for one unit fol I titled by 
► D-l units oF rest. This makes it convenient to use the pfrreus-sion sounds 
to "generate a beat". 


NOTE can also take multiple inputs ♦ The fflru^t Is (NOTE e P1 s 01 
:F2 jD 2 etc.) ^ere each pair specifies the pitch and duralion Ipr- one 
hole, (The total number af input? bus! be even,) 

14 ,? PI 1 

The conmand Ptl jgiande tar Pl_ftY HLGCC) takes no inputs, tt causes 
the output of previous NOTE connarNSs to be played on the trusie bo*, ft a the 
music ifl played i I is Erased. from terporary storage and must be regeneraled 
if ypu uigh to hear il again. Typing a ctl-G while nut ► c is being p I syed 
causes ah immediate break and also clears out tenporary storage, TCLEAfl 
can he used to clear nut the music buffer,. (Temporary storage is allocated 
in the sane area as the user's procedures, variables, etc. The ancunt of 
music that nay h* c&tipi led at one time depends therefore on how much other 
stuff is in the user workspace, 1 

14,3 VOICE 

The music system can generate up to four simultaneous voices. The 
VOICE eomnand directs the output of subsequent MTU; commands Ip. the variflijg 
voices. PH then plays the voices simultaneously, 

Ewflnpie; 

TO SEVENTH :TONIC iC 
10 vpiCE 1 NOTE iTONIC iU 
23 VOICE 2 NOTE :TCN|C+3 
33 VOICE 3 NOTE ;TONIC+e sD 
43 VOICE NOTE iTCUtC+S :0 
5fl PH 
ENO 


will play a chard. 


VOICE taxes one input uhieK #iu 4 l. be a number between 1 and 4. Thifl 
btCQne* th* current vpiet until (he n c *t voice command ■ * yivtn. If no 
VOICE comngnd is given, tne aysten output^ to voice number 1, 

14.4 VLErj and fXEN 

Th-tse rir ff operation* uhich take np input a, VLEN outputs the total 
length fit the nusic conpited for the current voice. tlLEN outputs the 
length tor- the largest volet. 

For instance, it we have generated a melody in voice number i ue 

can provide it uith #n acconpaninent; 

TD gprPAH 
10 VCMOt 2 
IS INCITE 0 4 {-51 4> 

30 IF UEM * flLEN 51 DP ELSE GO 2S 
END 

This will generate aompahs for as long as the nelDdy lasts. 

14.5 NVDICES 

The huaic system normally multiplane* output anong four voices. 
Voices tor which no output has been generated Ore fed 1 silences, [t is a iso 

possible to send output to only one or tuo voices. This Is den B with the 

H‘i'0 [ CES coiTiiiand t 

NVDjXE? 1 output only to voice 1 

NY0JCE3 2 Output to voices 1 and 2 

NVDJCES 4 output to all Four voices Ithe nor ns I mod*} 

Since the nu»ie ba* is fsd at a constant rate NVOICES 1 Iresp. 
NVOICES 2 \ causes the basic unit of duration to be one-lourth |r*sp T half! 


I 


long as with NVOICES 4, IBICES ll» cKirt out ttnptw u storage and 
resets the cwrenl voice to voice 1, 

14.6 HJtiSlC 

Only One user at a time nag have «Cibs tn the music bo*. Uhen a 
user grvea- a P1US(C Command, LOGO assigns the music bo« to hrr* if no one 
else if Uiing it. A user nay release I ho music system by giving the 
NCHUSJC Cohmand. 

14.7 njTVtf A I® ttUCTRL 

These conitjndfi are 9 coni i but Jon tauard foal-tine music generation. 

a 

They enable the user to fcydaHB [ha rnuusie buff Sr. and th* Pfl command, and 
hence have a chance at least to generate rail-tine mu*re, 

rtJTVU takes 2 inputs, each one a nu&ic bo* pitch, and HiafcftB the 
music bo* play the pitches. Pitches to HUTVD ar B the mg numbers as 
pitches in th B regular Music system — middle C is 0, rest is -31. and so 
forth, njrrc automatically wnvtftB those pitch nuiUpsrs into th* number-* 
(ho music bo* hardware requires. 

MICTRL stands for music control, lit Min purpose is to specify tp 
the music box hardware how many voices you wish to load. This is similar 
to the NVO ICES command in [h* regular music ays tart. 

14,8 SVS7EH OOPETRArNTS 

The music system has been designed ulth specific uses in mind. 

(See..e,g, the papers at Jeanne BambergerJ User* who art. hampered by tbie 


jhogl-d bear id mip-d that the i-TlrtJ command cad bg ijBed In output arbitrary 
characters to the music bo*, {See Chafitar 19. t 



15. LISTS 


LOW equipped to handle general lists, i >(, lists whose elsnout b 

nay then6el^e& be lists. For gvahplet 

[[THIS [51 A [LIST STRUCTURE]] 

in a list ol th^ee elements, tuq qf which are lists. 

PRINT does ™jt print the out*r brackets around a Mil. 

?PR[NT [(THIS IS] A HIST STRUCTURE] 1 
[THIS [5) ft [LIST STRUCTURE! 

All of the list operations described ifi Sect inn 4 work, dith general 
Iieta fc e.y,t 

HAKE "A [[THIS 15) ft [LIST STRUCTURE]] 

COUNT sft ovtput 1 

FIRST ift outputs [THIS 1SI 

BUTFIRST sA outputs [A HIST STRUCTURE]] 

LAST s ft outputs- DL 1ST STRUCTURE3 
BUtLAST ;A output* UTHtS 3S1 ft] 

SENTENCE generali zee 3$ toll oust 

tf all of its inputs are lists, it puts their il clients together to 
nake one big I isti 

(SENTENCE [PIECES OH [ABIC] TllSTl] 
outputs [PIECES OF A BIG LIST] 

If gny of the arguments to SENTENCE are word* It first converts 

each word Id a one-word Mel and applies tne above ru l#t 

(SENTENCE "PIECES [OF] 'A "0[& (USUI 
outputs (PIECES OF A Bit LIST] 

LDDQ Ihae some other list operation*. LIST takes two input* and 

outputs a 2-eienent lie!; 

LIST CTH3S T5S IA LIST] 
outputs [(THIS IS! (A USD I 

LIST can ai bd take multiple Input*. It outputs 3 list whose 


elements are the inpul.3! 


1L1ST [LOIS) "aF (LISTS! 1 
outputs I[LOTS] DF [LISTS]J 

No I Ice th^t if 3 1 1 1 Inputs to LEST ace uwdt, then LIST is equivalent to 
SENTENCE, 

FPUI is another lift operation, It tares tuo inputs of uhich (he 

second must be a list. It sticks the first input pntd the front of the 

second to TiaKe a neu list! 

FPUT "THIS HS HGU FPUT LORkSI 
outputs tlHIS ES HQtJ FPUT UORKS] 

FPUT [THIS IS] [MW FPUT UDFlKS] 
outputs ([TH]$ IS] HOU FPUT LiORKlSl 

LPU" is similar, tt Slick* <ta First input onto the end ot the 

Hst + 

LPUT 'THIS ITS H[U LPUT UDRKS] 
outputs US H-3U LPUT UCRfS THIS] 

LPUT [THIS IS] [HOU LPUT UQRK5] 
outputs [HCU LPUT UQRiJS (THIS IS)I 

FPUT and LPUT can also take multiple inputs. The last input must 

aluaLjs he a list* 

[FRIT H fUkE [THIS] [A LIST)! 
outputs [PAICS [THIS] A LIST! 

[LPUT TAKE (THIS] [A LIST) I 
outputs [A LIST HAKE [THIS]] 

Hits ir.ii | also Contain SNAPS as elements, e.g.t 

MAKE "A SENTENCE "NQU SNAP 

then it Is perfectly valid to aayt 

FRINT FIRST tA 


but 


DISFLAV LAST :A 


PA2Nr :A 


ui1 1 giv# art error 


1G. DEBUGGING FEATURES 


LOGO Seclude & features uhich aid users in debugging therr pro¬ 
grams. the amplest such lecture ig ctl-G, Pressing eti-G nil! atop 
execution of any pi-ogratn, Ef it is nat nuch help as a debugging feature* 
it at leuat can serve as a pan ip button. 

1 G .1 PAUSE, CONTINUE ANO ct 1-2 

L3hen th& PAUSE eotiitSnd ia executed in £ procedure, the procedure ia 
ierfocrarily halted and control is returned to tha console, Instead of 
typing only 7 as a prompl character, LOGS also indicates @t uhot level it 
current ly le, Level re far a lo “how many procedures deep" current execution 
is. (Cornands given fron the console are at I owe I 0. Coiwiifldfl given in 
procedures called from the console are at level |. Cnhmand* given in 
procedures called by level 1 procedures are at level 2 , And sc m.) Uhile 
in a PAUSE the user- can access any ngucs uhlcR are local to the procedure, 
for evanples 

TO BLA sA 
10 FGRUARD :A 
29 PAUSE 
EfC 

A it i local nans, Running BLA Hill cause LOCO to pause. Ue cart 
then access the value of A, 

TELA 20 

PAUSE AT LEVEL 1 Eft LINE 20 t-N BLA 
L17FRINT jA 
20 
LI? 

There a r e tuo ways to get out of a pause. Typing ctf^-G uM i, as 
usual, return the user tD the tap level. 


T hc CCNT[NLE coJinand labhrrvi ated CO} m M contlnus executing tbs 
procedure starting with the next i In# after the PAUSE. [Note that for thi 
reason PAUSE shoutd be the last egFimand on a line if the user uishes to 
continueJ 

Uhile it is legal tp give any LOGO ponrsand in a PAUSEd situation, 
the user may get into trouplfc if he or she «rSMt or edits the procedure 
3nd then tries to continue- 

Cll-Z ie aimu3^- to ctl-G except that It generates a pause rather 
than a orefli. at the tap lewd, 

16*Z DEBUG 

The CEBUu command changes uhat LOCQ doe a uhen an error is 
encountered in 3 user's program. NijrHfllly, an error prints a message and 
terminates execution, The DEBUG facility causes errors to generate PAUSE* 
The ustrr can then ewanine lacat variables and CONTINUE with th* rusd line 
of the procedure. KfiUt is a eohpand which takes mo inputs, [ts use 
suitches thia feature on and off, 

IE,3 TRACE 

The TRACE command takes one input, uhich is the name of 9 
procedure. The procedure nahe is not quoted. Every time a THACEtf 
procedure is run, LOCO prints out a nessage to that offset and tells uhat 
the inputs to the procedure are. LOGO also indicates If the procedure 
outputs. 

To pot rid oF a TRACE, Use ERASE TRACE as ima 


?ERA5E TRACE -^procedure nane> 

It i & possible to I race all procedures by saying TRACE ALL+ There 
i 9 also ERASE TRACE ALL, 

IS.4 STEP 

5f£P 5 9 li^e a "super THACE"h Itot only ii th* procedure TRACEd but 

before each fine of the procedure is ensouled, LOCO types out the line and 

waits for the user to respond. There are three opt ions; 

(ll Typing a carriage return causes the line to ue executed 
and goes on to the next 1ine. 

■!2j Typing ctl-G teminates execution as always. 

13) Typing ct l-Z generates a PAiJSE as descri bed 

Shove, The User may then execute other tomnandB and I aler 

CONTINUE, 

The syntax for STEP I* like TRACE. ERASE STEP, STEP ALL. and ERASE 


STEP ALL also aval ladle. 


17 . MR HANDLING 


The error handling fac i I i (jgs alloy you tp modify the nay LOGO 
treats errors, 

17.1 ERSE I and £RCLR 

The ERSET command take a one input, a procure nane. A* ml th TO, ■ 
EOFT, TRACE, etc., the procedure nane it not quoted, ERSEt causes the 
procedure given ag input to fee executed every tine an error occurs. The 
procedure mill also be run every tine c(UC or etl-Z ia hit, After the 
procedure has been executed. LOCO takes the foltaming action? 

{i} lf th * Procedure does not output, LO(50 prints the normal error 

message. 

i2) If the procedure output*, LOCO prints the output Instead of the 
nor real error bessas®. 

If an error occurs In the EH5ET procedure Itself the ER5ET will not 
happen. The various SYSTER BUG errors cannot be overridden by an ERSET. 

The EFtCLR cpifmand, uni eh takes no input a, Deactivates ER5ET, 

17.2 ERRcT and E1RL3N 

4g described above, *n cRSET c*n provide personal error messages, 

but still terminates execution. Another use of ERSET is to allow the 

possibility of modifying the condition that caused the error and continuing 

execution, The coimand ERRET ?ak eE . one inijut, a line number, and return a 

execution to that I ine of the procedure in which the error occurred. 

Useful in conjunction uifh this 1$ the EH1H operation which outputs the 

■ 

line number in which tne error occurred.. Thus, for exanple: 


ERRFT ERL[W 


in an £RSE» procedure uUl r*-execute the line in which the error occurred. 

E*3it?p3e? 

Here is a way to move a ball back. and Forth acQSS the [screen.. 

&upo&e iBALL b 3 SHAP of a ball and we move the oall by? 

TO flDVEBAU 
10 PtWWflO 20 
20 DISPLAY (BALL 
30 UAfT 5 
40 UJPE -BALL 
50 CO 16 
EW 

Run MO^EBALL bul first EftSET the F□ I lowing procedure: 

tO TURN 
16 LEFT 183 
20 ERRFT 16 
END 

how every 11 he the h C*JT OF BOUNDS 1 ' error occurs TURN wilt turn the 
turtle around and keep going* 

But thb simple schehhft has a bad bug* TURN will be run Hhenrvpr 
any error occur** Even worse, it Hi 11 be run when hs hit frtl-G. There \ 3 
ro way to stop MDVEBALL 1 Uhal we really want is to oraly execute th* EHRET 
in the case of the particular error ’OUT DF BOUNDS'. 


17.3 ERNAH, ER0Rt<* and ERPRQ 

lo help overcome the above-mentioned bug* LOCO provides the ERNAff 
operation. Thg easiest way to find out the name of art *r r or, is to 
generate the error and then PRINT ERNAH. U« can fix the bug in TURN above? 


TO TURN 

38 TEST ERNAfl - ’DUB 
ZB EFFAL5E STOP 
ae left m 
40 ERR£T 10 
END 

('OUT OF BOUNDS" has error name ODBJ 

ERPRO outcwts the name of the procedure In which the la)t error 
occurred, SO if we Mould like TURN to only Sake effect (turing tlDYEBALL wb 
can TEST td see if ERFRD w "NQVEBALL. 

BRERK handles ctl-G and c(l-Z« It is dn operation which oulpulst 
1 !f the "error* uas caused by pressing Ctt-C 
-1 if the 'error - was caused by; pressing ctl-Z 
3 otherwise. 

Sometimes it is useful to set thirds up so that pressing ptl-G 

during 3 REQUEST re-does the HECLEST rather than stopping the prograe. 

Here is an twang Ie of hou that can be (Sonet 

TD SPECIMUHEDUE9T 
10 ERSET Wf AGAIN 
ze I1AKE "K REQUEST 
30 £R(XR 
40 OUTPUT ;X 
END 

TO TRVAGAtN 

10 IF ERBRK - 1 ERRET ERLIN 
END 

With TRVAGfilN we can still slop the show by hitting etf-2. 


17,4 ERNUtl, ERTOK, EPLOC. an« III ft 

EPTlUn Each type ef error has a number ae util as a nim. EPNLH1 
outputs the number of the error. 


EftlQf output* the h token nunCer" at which the previous errm- 
occurred in (he I tni> This given sorae indication of e^actlg where in the 
line (he error occurred, But it i e hard to uee tin Its? <goui are initiated 
into Ihe Hosieries of the LdCO evaluator. 

E^LQC on toots the location in the PDPll 1 * core at which the error 
occurred. It ia useful mainly to ays lee programmers. 

] L ] NE output* the I eat line typed in at the censo k m . ] l is ugrf u I 

for doing anatyeie of errors that occurred white the user uas typing in 


direct cc-pnanoe" 1 . 


IS, EVALIMTI94G TEXT 


IS, 1 RUN 

'l is D J tsn Ltr. n^Li! tn evaluate crYihandi that have t'Hn computed 

rather Than typed in- Ths basic L3GU pfinitivs urtitch dosa this pa HIW ( 

RUN takes one input, a lie', and evaluates It just as it the list ware 
typed pn at the conaole? 

7HLTJ [PRINT "UOUS 

uou 

\\ |he Input to RUM soBcifiBa an opera11 on r than PUN outputs? 

7FRENT RUN [SUN 15 5J 

23 

Of course. The Input to RUN need not oe typed in literal^ 

7PRLTTT RUN CSE 'SUN IB 5E 
23 

For ewanple; 

TTlftKE "X "FflEHT 
MJN SE :X S 
5 

Another example: 

If we have orocedureg called, i3y, STRATEGY!, STRATEGY^, *id 
j T71ATE , CY3. one uay tc invoke the proper dob is to sayl 
RUN (SE UCRO 'STRATEGY iH) 

M tN It 1, 2« sr 3- Ue uee ££ with one argunent tine* HW * input fluat Pe 
n Iiat. 

There is a (rieky point her a, RUM executes the I iet juft ae i t the ' 
I.EsE.ugre typed in . In the example 
RUN [RRENT *UCU] 

the first character in the second nurd The Input it j quota. To 




exonerate the list up uould say 

ruj se "print “mi 

In contrast toe comianH 

RUN SE “PRINT ^UTILf 

r-j equivalent to 

RUN [PRINT UOi] 

yhicti Mould te lIO error unless there upro a procedure horned UOU. 


IS,2 PROCEDURE? DEFINING PROCEDURES 

[ t is valid in LOGO to have a procedure iJilch define another 


procedure: 


TO CIR ] B 
10 TO DRAB 

20 10 PRINT 'UHODPrE 

30 END 

END 


Running DRIB defines the procedure: 
TD DRAB- 

10 PRINT 'UH30PEE 
ETO 


Na (ur a 11 y. ue can use SlJN in this context: 

TO DEFINE :FRpC tN 
10 RtJN SE ’TO ;PROC 
20 RUN 5£ [10 PRINT! 

39 END 
END 


uiM cause 


to create 


DEFINE "LHAnO 7 


TU LHAftQ 
10 PRINT 7 
END 


J.DCD MANUAL 


74 


in 3 si*ii lar nannci", procedures nay edi t procedure*. 


13. H!5CELLW£0U5 CWtVWQS 


13.1 

BELL take a no fnpyts, Rings the tie If an (he console. 

CLACK takes f>o Inputs, Outputs a nunber which is irutrehentod every 
1/&0 seconds. 

DATE outputs a 3-elenent list con t a in i ng nonth, day, year, 

TIPE outputs a 3-elensnt Fiat containing hour, hinute, second* 

UAET takes we irjjul, Cause b LOuQ to wai t For that nany 1/30 
ae cotij I n I (jt va I a, 

HELLO dears out work space [ ()' LOCO tor yey, 

GPOPBlrE sane as HELLO, 

LEVEL Fakes no inputs. Outputs a nunber which telle "how mftnyi 
procedures deEp 1- current execution | * H 

PEEK prints Out syitee status infornation, 

MAIL The HAIL ccmnand enables users to send messages to other users 
□n LOGO. MAIL takes one input- the user ngir* (quoted! o* the person to 
whom the ma i I is to be sent. The cpnputer responds with a Iwclf-erron . {*} 
which indicates Thai anything typed in on the console ie regarded as nail. 
To end the message, type 3 line with a single period followed by a carriage 
return. The couple ted ns b sage is then pFaced in the fifing syslen of the 
user to uhar it i? sent, contained in a file named ITiAEL. The mail can h& 
read either when togging in, or by printing the file using the PDF cONwand, 
It is hefpful to tie logged in When sending hall, airce (he uBar's login 
nan* is used to identify (he source of (h* hail to the person uho receives 
it. 


5EMH tahea two Inputs. The first ns the number of a eooMile. a fid 
the 5cc-0n<J is 3 list which is printed out as a neesage directly on that 
console- 

S'V'SF'^ takes as input a list which is printed cut an a message on 
all consoles Currently in uee. 

51 If lakes one number trcp^esent ifig degrees] 3s input and returns 
the sins of that angle,, 

COS takes one input in decrees and outputs the cosine of that 

angle. 

19.2 mPLSreNWIQN DEFENCES PRlnj-T)¥ES 

Tht following ar* primitives which rater specifically to this 
i nplerrentat i on of LGGCL 

, TlflO takeg two inputs. The liret specifies a device. This may be 
cither a -device hunker or nane. The names that LOGO understands for 
devices are. 


LIGHT 

for 

the light t»x 

TUFIi 

for 

turtle 1 

TLH2 

for 

turf 1* 2 when it is plugged in 

ITLJSSC 

tor 

the music box 

PLOTTEA 

for 

the pletler 

TTY 

for 

you ctm console. 


The second input epeeLfiat a Humber which is relayed to the given device 3s 
output. 

The ohvipuS use of this feature i* with regard to the light Sox. 


,TVQing to a turtle is slightly ussfu[| certain cptiiagnds that can Lie done 
by t he tui-tl fe hardoar e hivs never l>een i rti*? I e&entad in LOGO software I n a inly 
b^eau&e they are «nly very slightly uactmlln Tha turtio can, tor instance, 
saddle instead of ualX + 

Try this pcnyrafi; 

10 UiLDLE :STEPS 
10 If :STEPS - B STOP 
20 ,TY0 ’TUR1 34 
30 ,TVO 'TLR1 3& 

40 UACCLE :STEPS - \ 

M 

The interested reader ig referred tg the TURTLE GENERAL Engineering 
Handbook, Appendix 4 For more details 

■ TV] takes- ore input which specifies a device in the sane mariner as 
i T VO, The newt piece o I i nlormat ion (interpreted Ss & number f received 
from the device is giyen as output 

■CLOSE Ft you use +TV] or lTYO,. LOGO assigns the devitE to you sd 
thgt no one else can use i t, To release the device the r CLOSE command Is 
usea H taking as its input thq given device specification^ 

■ CTYl and CTVB are similar tq + TYi and .TYQ except that the 

specified device is the user's consol a. .CT YET takes one input, hCTV] taka a 

none H 

CTlrOiJA] T and; T vdUA[T 

These camnanda are a species Ot UA] T cohnand — like UAf T EG — hut 
instead of uaiting a lived amounl &f tine, they uait until a teletype has 
finished typing out. 

f> simple use of CTYCUAFT ih to synchronize a procedure lhat draus 


on l*ie display and also prints stuff out. Suppose you uish to dr-ay a PLLT 
and pr int the turtle 1 5 heading at each- corner. Nornally l-n such a program 
the d i E-playing gets further arMJ further ahead of the printing. &yti 
CTVDWfrll Mid fprCe the procedure fa wait far the printing ta tie couple ted 
helpre doing pnt 

TO POLY sSJOE 
19 FCRUARO ;53K 
?U RIGHT sANGLE 
10 PRINT HEADING 

40 CtVDUAlT EP ! The nyhtjcr is ho« huch tiws Ld ulit in 
addition to Mai ting for the teletype. 

50 PRY :5TDE 3ANGLE 
EN& 

TVOuAlT is i ike CTVfflJMT. except that you specify which device to 
u-ait far. TYOUAIT understands the sane device nangs that .TVQ and company 
understand. It also accepts teletype nuiid-srs. A go-od use for TVOWAif is 
to synchronize the floo r turtle uith the display turtle. 

.GUN takes one input, a user nuntur, and rg&tarts that user's LOGO' 
feouivalent to typing HELLO at his console-). Thl^ is used whon someone 1 '3 
cons la gets hopelessly hung up. 

.LAELjU Oh consoles equipped to handle luuer case, LOGO normally 
converts characters to upper case. .CASESU is a ccwiand which takes no 
inputs and turns this feature on and off. 

.ECHD5U lakes no inputs. Turn* oft and on a feature ghich inhibits 
echoing of characters typed at 1 h* consols. 


20, miHLV FOR 5V5TEH PRDGflAITlERS 


Th« ffll louing fU'ir iTWes deal nHh the rraintenames and rtetwcg ifl(j of 
the LOCO eytiten. They are useful painty tc systen progi-aiimcr* h 
. STF and + LTF set and clear a trace af the evslu&tor. 

, SCCF and ,CDCF set and clear a leatura uhlch causes a garhage 
cot lection each tine a node ia allocated. 

„SPNF and , CPNF set and cloar printing the nu-nber of free node a 
left when garbage collectiona are run, 

.STATUS urvl bet p r btec ted canmands 

.PUftCLR do 3 rer,e1 ol the POP 11 and all devices. 

Nat to be used casually. 

.RUG halt LOGO and start the debugger 
.EETTV set the sy^ten tine variables 
.GCOLL run 9 garbage collection. 


.EXAMINE 

examine location in PDF 11 core. 

.OGPOS5T 

deposit into cars. 

. races 

output number oF Iree nodea. 

.VERSion 

Outeut which ^eraiaci Df LGCO this I?. 

.VALUE 

Output the iten on top of the 5-P5JL. 

f uSBT tre 

output the arount at user tin# run by the jysten. 


ZJ. AN BMDEK OF LOGO PRIMITIVES 

Fhe pages that fol lau are a 1 i at mg of present LOGO OriwItiveE, 
aMh the exception of th* special cannanda llelad in Chapter 2 $- A. lung 
yith each primitive Fa tht folloM«ng inIorrrat inn: 

A9B, -- Abbreviations and inf in forma. inti* form are indicated by 

l*U 

fJjTBCFV OF LhPUTS— The indication nV hr.iis the prnmitvc ni-y use (he 
variable irvfn/t feature [See Section 4.41 r idheri ft in (h* standard ftumber of 
inputs, 

OUTPUT-- V means it does ijutpwt T N m&shj it doss hot* 

PAK(SI-- The primary page Is! -on which ths primitive is diBcus3ed f 
plus any important supplementary informal ion. 


PFrmtTtvE 


abb- 


NcngER 

OF INPUTS 


output 


PACE 151 


ALSO 
AS ] It 

BAG* BK 

BELL 

both 

0 TOUCH 
BURY 
" ALL 

BUTFSRST BF 

0LJTL.AST EL 

-C A5ESU 

CLEARS GREEN CS 

CLOCK 

.CLOSE 

■CLDSEF 

CMflL 

CONTENTS 

GONTINJE CH 

COS 

COUNT 

CHINDEX 

.CTYl 

.CTVO 

CTYDUAtt 

DATE 

DFBUG 

DEFIHEARSAY OEFAP 

DIFFERENCE - (!) 

DISPLAY 
.ECH05U 

EDIT EG 

" LIHE EDL 

h TITLE EDT 

EITHER 

ELSE 

EHPTVP 

END 

EQUAL * ri ] 

ERASE £R 

" ALL 
" ARRAY 
n ARRAYS 

" blhy 
“ buby all 

" FILE 

' LIKE ERL 

* NAPE 


1 N 

1 Y 

1 N 

fi N 

5 Y 

8 Y 

1 N 

0 h 

1 Y 

i Y 

1 H 

0 N 

0 Y 

0 n 

0 H 

1 N 

a n 

.0 rj 

l v 

1 Y 

1 N 

0 Y 

1 N 

0.1 N 

0 Y 

0 N 

3.4 f S N 

Z Y 

1 N 

I N 

1 K 

1 n 

0 N 

2 Y 

0 N 

1 Y 

0 N 

2 Y 

1 H 

0 N 

1 H 

0 N 

1 N 

0 N 

1 N 

1 N 

1 N 


55-56 

23 

46.43,51 

75 

30 

47 

35 

36 

12,52 
12,&Z 
77 
£1 

75 

76 
44 

55-56 

35 
60 

76 

12.2 

48-41 

77 
77 
77 

75 
86 

21-24 

16- ib 

S3 

7 6 
3.73 
7 

7 

30 

31-32 

30 

5 

17- 13,30 
4.35 

35. 

22 

22 

36 
36 
33 
£ 

35 



" NATES 


B 

h procedures 


0 

" STEP 


l 

- STEP ALL 


a 

" TRACE 


i 

h TRACE ALL 


0 

ERBPit 


0 

FRCLR 


0 

ERL1N 


B 

EflLDC 


0 

ERNMl 


e 

ERHUtl 


6 

ERFRO 


0 

erret 


1 

ERSET 


1 

ERTOK 


0 

.FILE? 


1 

■FILER 


0 

F1?1ST 

F J 

1 

FORWARD 

FD 

L 

FFPLNT 


IV 

FPUT 


2Y 

FTDUCH 


0 

GET 


2.3,4 

GO 


1 

goodbye 


0 

GREATER 

> 1 i 1 

2 

.CUN 


1 

heading 


e 

RELLD 


0 

HERE 


0 

HIDETURTLE 

RT 

8 

HOPE 


0 

IF 


1 

JFFALGE 

IFF 

0 

IFTRUE 

1FT 

0 

TLTNE 


0 

tNTECER 


1 

LAIPOFF 


0 

unpoN 


0 

LAST 

L 

1 

LEFT 

LT 

i 

LESS'. 

< r i T 

j 

LEVEL 


0 

light 


0 

LIST 


2V 

L16TF 


1 

LOCAL 


1 

LOGIN 


1 

LPUT 


2Y 


N 

N 

N 

H 

N 

N 

Y 
N 

Y 

Y 

Y 

Y 

Y 
N 
N 

Y 
N 

Y 

Y 
N 
N 

Y 

Y 

Y 
N 
N 

Y 
N 

Y 
N 
i 
H 

Y 

Y 
N 
H 

Y 

Y 
H 
N 

Y 

Y 

Y 

Y 

Y 

Y 

Y 
4 
H 
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35 

35 

67 

67 

65-67 

G7 

70 
GB 

60-63 

71 
71 
70 
70 

6S-GS 

&a 

79-71 

A3 

43-44 

12 f E2 

4S,43 T Sl 

14-15,40 

53 
47 

22,24 

29 

75 

i7-ia 

7S 

54-55 

75 

5* 

52 

54 

31-32 

32 

32 

71 

20 

47.4S 
47, H 
12.62 
45 , 40,51 
17-10 
75 
4a 

52-63 

30 

27 

44 

51 


LTOUCH 


0 

V 

AS 

MAIL 


l 

N 

75 

MAKE' 

*■ (N 

Tv 

aoff*( ikies 

25-25 

nO-EAF 


0 

N 

58 

MLEN 


0 

V 

S3 

ElUCTfIL 


1 

N 


PIUTYO 


2 

N 

se 

NFUENAP 


0 

N 

S3 

NCOSSPLAY 


0 

N 

51 

NDHUSIC 


0 

N 

S3^G0 

noplotter 


0 

N 

55 

NOT 


i 

V 

30 

NUTE 


2 

N 

57 

N(] TURTLE 


0 

N 

45 . 

MUMP 


0 

N 

S2 

NUT0ERP 


1 

Y 

20,30 

NVOIKS 


I 

H 

50 

►QPEHA 


1 

N 

43 

.OPEMfi 


1 

M 

43-44 

,OPENJ 


1 

N 

42^3 

OUTPUT 


1 

H 

25 

PAUSE 


0 

M 

EE 

PEEK 


0 

il 

76 

FfNOfUN 

PO 

0 

H 

47.52 

PEN? 


0 

Y 

52 

PENUP 

PU 

0 

N 

47.52 

PLOTTER 


0 

N " 

££ 

FT1 


9 

M 

55 

S RSNT 

PR 

IV 

M 

5JB.E2 

PRENTCUI 

PO 

1 Of* @ 

M 

8,34 

* ALL 


0 

M 

34 

" ARRAY 


1 

W 

24 

* ARRAYS 


9 

M 

24 

' F]LE 


1 

H 

36 

4 ENOEX 

PDI 

9 

M 

35-40 

* LIME 

PDL 

1 

N 

S 

' NAHE5 


0 

N 

34 

* PROCEDURES 


0 

W 

34 

' title 

POT 

0 

N 

1 

1 TITLES 

POTS 

2 

H 

24 

" TREE 


1 

N 

33-40 

PRODUCT 

* rn 

2y 

V 

16-1B 

QUOTIENT 

t hi 

2 

i 

15-15 

PAMQCtf 


2 

V 

IS 

REAQ 


1 

N 

3S.40.42 

REA3PTR 


0 

fj 

45 

REnASNCEH 

\ m 

z 

V 

16-IS 

REQUEST 



V 

13-14 

RIGSHT 

RT 

i 

N 

46.4S.51 

RTOUCH 


2 

V 

47 


fluw 

sere 

SENTENCE'” SE 
SETASIZE 
SETHEftOlNC 
SET1INQEMF' SET! 
SETTURTLE' SETT 
SET* 

SETKV 

£ETY 

SHOUTURTLE ST 

SIN 

SNAP 

S1AFTD1SPUV 
STEF 
' hiL1_ 

STOP 

STORE 

SLU + (i3 

SV5FFI 

TEST 

TEXT 

THING 

TITC 

TO 

TOOT 

TCPLEVEL 
TRACE 
" ALL 
TURTLE 
.TV] 

.TVO 

TVOUAIT 

TYPE 

STVFEIN 

USE 

vlEN 

VOICE 

HAST 

til pe 

UJFEtLEAN UC 

WORD 

UGROF 

UfiAF 

URITi 

TfllTEFTP 

KCPfl' 

ycW 


1 ‘ 

2 

ZV 

t 

i 

i 

l 
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2 
1 
S 
t 
e 

i 

0 

e 

'3 h 4,& 

ZV 

I 
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1 

1 
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1 or Mr* 
1 

9 

1 

8 

1 

J I 
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1,3 

IV 
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